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Chapter 1  
General Introduction 
Iodine is the heaviest member of the halogen family, as well as the heaviest non-radioactive 
element in the Periodic Table. While known iodine compounds contain this halogen in a 
range of oxidation states (-1, 0, +1, +3, +5, +7), virtually all known naturally occurring 
organoiodine compounds contain this atom in the “monovalent” form with a formal 
oxidation state of -1. The first organic trivalent iodine species, (dichloroiodo)benzene, was 
synthesized by the German chemist Conrad Willgerodt and was initially presented at the 58th 
Versammlung deutscher Naturforscher und Aerzte conference held in Strasbourg in 1885; 
the following year, an improved protocol was reported in the Journal für Praktische 
Chemie.1 The procedure was simple and consisted in bubbling the chlorine gas through the 
chloroform solution of iodobenzene, which led to the precipitation (<5 min) of 
(dichloroiodo)benzene as yellow crystalline solid, with a recent reproduction of this 
experiment in our laboratory illustrated in Scheme 1. Initial reactivity tests were also reported 
at that time, indicating the ability of the new reagent to act as oxidant and chlorinating reagent. 
This protocol is still the most general approach to obtain (dichloroiodo)arenes2 and has been 
reproducibly used on scales of up to 25 kg in pharmaceutical industry.3  
 
Scheme 1. The first organic trivalent iodine reagent [(dichloroiodo)benzene]. 
In the following decades, various organic polyvalent iodine reagent rapidly emerged 
including the trivalent (diacetoxyiodo)benzene (known as phenyliodine diacetate and 
abbreviated as PIDA)4 and the diaryliodonium salts, Ar2IX (X =weak anion)5 as well as the 
pentavalent reagents exemplified by 1-hydroxy-1-oxo-1H-1λ5-benzo[d][1,2]iodoxol-3-one 
(IBX)6 (Figure 1). By 1914, nearly 500 structures were listed in a review by Willgerodt.7 
                                                             
(1) Willgerodt, C. J. Prakt. Chem. 1886, 33, 154-160.  
(2) (a) Lucas, H. J.; Kennedy, E. R. Org. Synth. 1942, 22, 69. (b) Yoshimura, A.; Zhdankin, V. V. Chem. Rev. 2016, 
116, 3328-3435.  
(3) Zanka, A.; Takeuchi, H.; Kubota, A. Org. Process Res. Dev. 1998, 2, 270-273.  
(4) Willgerodt, C. Ber. Dtsch. Chem. Ges. 1892, 25, 3494-3502.  
(5) Hartmann, C.; Meyer, V. Ber. Dtsch. Chem. Ges. 1894, 27, 426-432.  
(6) Hartmann, C.; Meyer, V. Ber. Dtsch. Chem. Ges. 1893, 26, 1727-1732.  
(7) Willgerodt, C. Die Organischen Verbindungen mit Mehrwertigen jod; Ferdinand Enke Verlag: Stuttgart, 1914.  
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Figure 1. Some of the earliest reported organic polyvalent iodine reagents. 
One of the criteria to classify the polyvalent iodine reagents is through the application of the 
Martin-Arduengo N-X-L nomenclature, initially proposed to describe the sulfuranyl radicals. 
As such, the nomenclature is useful for the designation of compounds involving “any atom 
(X) in a resonance structure in terms of the number of valence shell electrons (N) formally 
associated directly with that atom and the number of ligands (L) directly bonded to it.”.8 
Accordingly, most polyvalent organoiodine reagents could be classified into four structure 
types (Figure 2A). For example, the most common trivalent species, including PhICl2 belong 
to the 10-I-3 type, with 3 ligands bound to a 10-e- iodine center; a loss of a ligand (through 
dissociation) would give rise to an 8-I-2 structure. Similarly, the 12-I-5 and 10-I-4 designator 
encompass most known pentavalent iodine reagents. Figure 2B exemplifies several 
polyvalent iodine reagents with their respective Martin-Arduengo designation. 
 Figure 2. General structural types of polyvalent organoiodine reagents. 
The 20th century saw a steady development of many key aspects of the structure, bonding 
and reactivity of the polyvalent iodine reagents, including their usage in a number of 
oxidative reactions in organic synthesis. The latter aspect became particularly important in 
the early 1980s mainly due to the similarities in the reactivity of organic trivalent iodine 
species to that of the toxic but popular (at the time) Hg(II), Tl(III) and Pb(IV) species. 
                                                              
(8) Perkins, C. W.; Martin, J. C.; Arduengo, A. J.; Lau, W.; Alegria, A.; Kochi, J. K. J. Am. Chem. Soc. 1980, 102, 
7753-7759. 
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Furthermore, some of the reactivity patterns associated with polyvalent iodine species 
(ligand exchange, reductive elimination) bear a close resemblance to the chemistry of 
transition metal complexes.9 By now, there have been an explosive development in the use 
organic polyvalent iodine compounds, (especially trivalent) as versatile and effective 
reagents in various oxidative transformations. Importantly, it has now been realized that their 
oxidizing potential is compatible with astonishing levels of selectivity on delicate multi-
functionalized substrates, bringing their usage into the realm of mid-stage (or even late-stage) 
applications. As just one example, the (diacetoxyiodo) benzene (PIDA) was used in the 
selective oxidation of the primary alcohol in the total synthesis of (+)-discodermolide 
(Scheme 2A).10 In another example, the usage of PIDA enabled a selective hydroxylation of 
an advanced intermediate during the synthesis of the anticancer agent Nakiterpiosinone.11 
The field on utilizations of numerous polyvalent iodine reagents has been summarized in 
several books9,12 and reviews.2b,13 
Scheme 2. Hypervalent iodine reagents in total synthesis. 
While both the iodine(III) and iodine(V) reagents have played an important role in organic 
synthesis, in this introduction chapter we will focus on the structure and chemistry of organic 
                                                              
(9) Wirth, T.; Ochiai, M.; Vallribera, A.; Zhdankin, V. V.; Koser, G. F.; Tohma, H.; Kita, Y. Top. Curr. Chem. 2003, 
224. 
(10) Paterson, I.; Delgado, O.; Florence, G. J.; Lyothier, I.; Scott, J. P.; Sereinig, N. Org. Lett. 2003, 5, 35-38.  
(11) Gao, S.; Wang, Q.; Huang, L. J.-S.; Lum, L.; Chen, C. J. Am. Chem. Soc. 2010, 132, 371-383.  
(12) (a) Zhdankin, V. V. Hypervalent Iodine Chemistry; John Wiley & Sons Ltd, 2013. (b) Moriarty, R. M.; Prakash, 
O. Hypervalent Iodine in Organic Chemistry: Chemical Transformations; Wiley, 2008.  
(13) (a) Stang, P. J.; Zhdankin, V. V. Chem. Rev. 1996, 96, 1123-1178. (b) Zhdankin, V. V.; Stang, P. J. Chem. Rev. 
2002, 102, 2523-2584. (c) Zhdankin, V. V.; Stang, P. J. Chem. Rev. 2008, 108, 5299-5358. (d) Tohma, H.; Kita, Y. 
Adv. Synth. Catal. 2004, 346, 111-124. (e) Togo, H.; Katohgi, M. Synlett 2001, 2001, 0565-0581. (f) Koser, G. F. 
Adv. Heterocycl. Chem. 2004, 86, 225-292. (g) Ochiai, M.; Miyamoto, K. Eur. J. Org. Chem. 2008, 2008, 4229-
4239. (h) Silva, J. L. F.; Olofsson, B. Natural Product Reports 2011, 28, 1722-1754.  
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trivalent iodine reagents. This is due to their importance in the development of new organic 
transformations, including those involving metal catalysis, as well as to the central role these 
reagents play in the research carried out within this doctoral dissertation. 
1.1 Classification and Nomenclature of Organic Trivalent Iodines 
In this section, we will outline some additional classification criteria employed for the high-
valent iodine compounds in some of the authoritative reference sources in the field. These 
include a series of review articles (most recently by Zhdankin and Yoshimura),2b,13a-c,13h as 
well as the recent textbooks on the topic.9,12a Focusing on one such parameter, organic 
trivalent iodine reagents are commonly classified by the combination of substituents 
(commonly referred to as “ligands”) attached to the iodine atom. As such, structures have 
been grouped as containing: (1) an iodine center bound to one carbon-based ligand (C-ligand) 
and two heteroatom ligands; (2) iodine compounds containing two C-ligands and one 
heteroatom ligand; (3) the (exotic) iodine reagents with three C-ligands. 
Compounds in first group represents a great number of trivalent reagents and could be further 
grouped into acyclic and cyclic. The acyclic family includes the (diacetoxyiodo)benzene 
(PIDA), the Koser´s reagent and the various organoiodine dichlorides (Figure 3). The cyclic 
reagents are generally inspired in the 2-iodosobenzoic acid. It should also be mentioned that 
the carbon ligand in this family normally refers to an sp2-carbon atom of an aryl group. 
Derivatives of organic trivalent iodine reagents with an sp3-carbon ligand, R-IX2 are 
generally highly unstable. An exception to this rule is the reagents based on an electron-
deficient (per)fluorinated alkyl chains, such as the 1-(dichloroiodo)-1H,1H-perfluoroalkanes. 
The second group includes reagents of the type R2I(X), for example, diphenyliodonium 
chloride and 1-dodecynyl(phenyl)iodonium tetrafluoroborate. These reagents have a 
pronounced ionic character due to the facile dissociation of the weakly bound X anion and 
generally participate in oxidative functionalization processes by transferring one of the two 
C-ligands (the reactivity of diaryliodonium salts will be discussed later in this dissertation). 
Although sometimes placed in a separate family, this reagent group can also include certain 
cyclic species, including the popular Togni´s reagent.  
The above two groups cover the vast majority of isolable organic trivalent iodine reagents. 
The third group, i.e. one containing high-valent iodine species with three carbon ligands has 
been much less explored due to the low stability of such derivatives. In fact, ArI(CN)2 is one 
of the few architectures known to be relatively stable.14 It should be noted the arsenal of 
                                                              
(14) (a) Zhdankin, V. V.; Tykwinski, R.; Williamson, B. L.; Stang, P. J.; Zefirov, N. S. Tetrahedron Lett. 1991, 32, 
733-734. (b) Frohn, H.-J.; Hirschberg, M. E.; Boese, R.; Bläser, D.; Flörke, U. Z. Anorg. Allg. Chem. 2008, 634, 
2539-2550.  
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high-valent iodine reagents also includes iodonium ylides, ArI+C-HR2, and imides, ArI+N-R, 
which are applied as useful carbene15 and nitrene transfer agents, respectively2b (Figure 3). 
As with other classes of ylide reagents, in both cases the structure is best described 
employing a polarized single rather than a double bond. 
 
Figure 3. Several types of organic trivalent iodine reagents. 
There are several IUPAC rules for the nomenclature of organic trivalent iodine reagents. An 
earlier one is based on the 1979 IUPAC definition16 that “compounds containing the group 
–I(OH)2 or derivatives of this group are named by adding the prefixes dihydroxyiodo-, 
dichloroiodo-, diacetoxyiodo-, etc” (IUPAC Rule C-106.3), such as diacetoxyiodobenzene. 
Furthermore, “compounds containing the group –IO, are named by adding the prefix iodosyl-” 
(IUPAC Rule C–106.1), such as iodosylbenzene. Finally, the IUPAC Rule C-107.1, states 
that “cations of the type R1R2I+ are given names derived from the iodonium ion H2I+ by 
substitution”, such as diphenyliodonium chloride. A later so-called lambda nomenclature is 
based on a set of 1983 IUPAC recommendations,17 by which the organic trivalent iodine 
reagents are designated as λ3-iodane. In this nomenclature, the symbol λn is used to describe 
the atom’s non-standard valence state n (in this case, n = 3 or 5, up from the “standard” 
valence state of 1). Figure 4 showed several examples with respective IUPAC names. 
                                                              
(15) Yusubov, M. S.; Yoshimura, A.; Zhdankin, V. V. ARKIVOC 2016, i, 342-374. 
(16) IUPAC In Nomenclature of Organic Chemistry, Sections A, B, C, D, E, F, and H 1979, Pergamon Press, 
Oxford.  
(17) Powell, W. H. Pure Appl. Chem. 1984, 56, 769-778.  
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I
O
iodosylbenzene
I
Cl
diphenyliodonium
 chloride
I
OAc
AcO
(diacetoxyiodo)benzene1979 IUPAC
bis(acetyloxy)(phenyl)-
3-iodane
lambda 
nomenclature
I
O
AcO
O
OAcOAc
chloro(diphenyl)-
3-iodane
1,1,1-triacetoxy-1H-15-
benzo[d][1,2]iodoxol-3-one  
Figure 4. IUPAC names of organic trivalent iodine reagents. 
1.2 The Structure of Organic λ3-Iodanes 
A T-shaped geometry is found universally in organic λ3-iodanes, and the origin of this 
preference have been discussed in many reviews and books.18 In a prototypical organic λ3-
iodane containing one carbon and two heteroatom ligands, the X-ray determination indicates 
a nearly 90° C-I-O angle in both the acyclic (diacetoxyiodo)benzene (1)19 and the cyclic 1-
acetoxyl-1H-λ3-benzo[d][1,2]iodoxol-3-one (2)20 (Figure 5A). A combination of three bonds 
and two lone electron pairs at the iodine center leads to the overall geometry as a trigonal 
bipyramid, with the most electronegative ligands L in the apical positions and the less 
electronegative Ar and two lone pairs occupying the equatorial positions (Figure 5B). 
Furthermore, the C-I bonds (2.08 Å in 1; 2.16 Å in 2) approximately equal in length the sum 
of covalent radii of iodine and carbon (2.12 Å), suggesting a conventional σ bond. In contrast, 
the C-O bond lengths (2.09 Å in 1; 2.11 Å of C-O1 and 2.13 Å of C-O2 in 2) are greater than 
the corresponding sum of the covalent radii (1.99 Å), but still shorter than what would be 
expected for a purely ionic bonds. The term “hypervalent bond” is generally used to refer to 
the C-O bonds in such species.  
 
Figure 5. X-ray determination of organic λ3-iodanes and overall geometry. 
The term hypervalent was formally defined by J. I. Musher in 1969 to describe molecules 
and ions with elements in Groups 15-18 of periodic table bearing more than eight electrons 
                                                             
(18) (a) Koser, G. F. In Halides, Pseudo-Halides and Azides Patai, S., Rappoport, Z., Eds.; Wiley-Interscience: 
Chichester, 1983, p 721-811. (b) Koser, G. F. In Chemistry of Halides, Pseudo-Halides and Azides, Suppl. D2; 
Patai, S., Rappoport, Z., Eds.; Wiley-Interscience: Chichester, 1995, p 1173-1274. (c) Varvoglis, A. The Organic 
Chemistry of Polycoordinated Iodine; Weinheim-VCH: New York, 1992.  
(19) Alcock, N. W.; Countryman, R. M.; Esperas, S.; Sawyer, J. F. J. Chem. Soc., Dalton Trans. 1979, 854-860.  
(20) Gougoutas, J. Z.; Clardy, J. C. J. Solid State Chem. 1972, 4, 226-229.  
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within a valence shell.21 Based on the molecular orbital theory, the ability of main-group 
elements to exceed an octet of electrons was rationalized, in part, by the formation of a new 
type of highly ionic arrangement, described as a three-center-four-electron (3c-4e) bonding. 
From a molecular orbital point of view, the situation is the result of combining three atomic 
orbitals. When applied to an organic λ3-iodane, a molecule of the type ArIL2 will present a 
linear L-I-L arrangement giving rise to three combinations of atomic orbitals: the bonding, 
the nonbonding and the antibonding (Figure 6A). Formally, these are formed by the 
interaction of the filled p orbital of the central iodine atom and two half-filled atomic orbitals 
from each of the two apical ligands. The resulting 4 electrons are then used to fill the two 
lower energy orbitals (bonding and nonbonding). Because the highest occupied molecular 
orbital (HOMO) presents a node at the central iodine, hypervalent bonds have a highly 
polarized nature, with a significant positive charge located at the central iodine and negative 
charges at the ligands. For the stability of λ3-iodanes, the more electronegative ligands will 
reside in the apical positions. This unique structure results in the markedly electrophilic 
reactivity of the iodine atom in such species. 
 
Figure 6. Molecular orbitals of hypervalent bond in λ3-iodanes. 
Studies on the structures of organic λ3-iodanes by several groups revealed that the trans 
influence of ligands within the linear L-I-L’ unit plays an important role in the stability of 
organic λ3-iodanes.22 A pairwise comparison of IIII-L bond lengths in various organic λ3-
iodanes by X-ray crystallography22b and by theoretical calculation22c allowed for the relative 
trans influence of various L ligands to be probed (Scheme 3). By further analyzing of the 
relationship between this trans influence and stability of individual λ3-iodanes, Ochiai and 
coworkers proposed a “compensation” rule, by which the individual trans influences in the 
L-I-L’ need to be balanced if a stable structure is to be expected. In other words, a stable λ3-
iodane must have either a strong/weak trans “influence” combination (such as Koser’s 
reagent PhI(OH)OTs) or a moderate/moderate combination, as seen in PhI(OAc)2.22b  
 
Scheme 3. Ligand order of decreasing trans influence in organic λ3-iodanes (part). 
                                                              
(21) Musher, J. I. Angew. Chem. Int. Ed. 1969, 8, 54-68.  
(22) (a) Kiprof, P. ARKIVOC 2005, iv, 19-25. (b) Ochiai, M.; Sueda, T.; Miyamoto, K.; Kiprof, P.; Zhdankin, V. V. 
Angew. Chem. Int. Ed. 2006, 45, 8203-8206. (c) Sajith, P. K.; Suresh, C. H. Inorg. Chem. 2012, 51, 967-977. 
UNIVERSITAT ROVIRA I VIRGILI 
HYPERVALENT IODINE AS DIRECTING TOOL IN IODINE-RETENTIVE TRANSFORMATION OF C-H BONDS 
Yichen Wu 
 
 8 
 
1.3 Reactivity Pattern of Organic λ3-Iodanes 
The reactivity of the organic λ3-iodanes is generally dominated by their tendency to “return” 
to the monovalent state (i.e. to a “normal” organoiodine R-I). This means that in most 
transformations, the λ3-iodane will act as an oxidant, which can take the form of a wide 
variety of oxidative transformations. On a mechanistic level, such transformations often rely 
on the strongly electrophilic character of λ3-iodanes (due to highly polarized nature of 
hypervalent bond as discussed in section 1.2) and the excellent leaving ability of the [ArI] 
fragment (see in section 1.3.2). In these applications, certain common reactivity patterns are 
generally invoked, including the ligand exchange (associative or dissociative) and different 
modes of reductive elimination. In addition, single-electron transfer (SET) and homolytic 
bond cleavage are also a benchmark of many synthetic applications of λ3-iodanes. 
1.3.1 Ligand Exchange 
Commonly, the reactivity of organic λ3-iodanes involves the ligand exchange as the initial 
step. As a rather trivial example, the synthesis of (dicarboxyliodo)benzenes from 
(diacetoxyiodo)benzene is the result of a ligand exchange process in which the acetate is 
replaced by the external nucleophile RCOOH (Scheme 4).23 Although the reaction itself is 
reversible, it can be driven to completion by the removal of the acetic acid from the system. 
 
Scheme 4. Synthesis of (dicarboxyliodo)arene via ligand exchange. 
It should be mentioned that an acid additive is frequently required in many transformation 
involving ligand exchange at a λ3-iodane species.24 These additives are expected to weaken 
the bond between the iodine atom and the initial ligand, facilitating the ligand exchange 
(details in section 1.5). 
Two mechanistic pathways, associative and dissociative, can be conceived for the ligand 
exchange (Scheme 5).9,25 In the associative pathway, the reaction begins with a nucleophilic 
addition to the central iodine atom to form a trans tetracoordinated intermediate. This ability 
to accommodate a 4th ligand is facilitated by the presence of an coordination site on the iodine 
                                                              
(23) (a) Merkushev, E. B. Russ. Chem. Rev. 1987, 56, 826-845. (b) Stang, P. J.; Boehshar, M.; Wingert, H.; 
Kitamura, T. J. Am. Chem. Soc. 1988, 110, 3272-3278.  
(24) (a) Kida, M.; Sueda, T.; Goto, S.; Okuyama, T.; Ochiai, M. Chem. Commun. 1996, 1933-1934. (b) Zhong, W.; 
Yang, J.; Meng, X.; Li, Z. J. Org. Chem. 2011, 76, 9997-10004. (c) Yoshimura, Y.; Ohta, M.; Imahori, T.; Imamichi, 
T.; Takahata, H. Org. Lett. 2008, 10, 3449-3452.  
(25) Zhdankin, V. V. In Hypervalent Iodine Chemistry; John Wiley & Sons Ltd: 2013, p 1-20.  
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roughly corresponding to the C-I σ-antibonding orbital. The isomerization to a cis 
configuration, followed by the dissociation of the trans ligand complete the ligand exchange 
sequence. In the dissociative pathway, a dicoordinated iodonium ion is formed by the initial 
ligand dissociation, followed by the nucleophilic addition to restore the 10-I-3 configuration.  
 
Scheme 5. Two proposed pathways for the ligand exchange. 
Many groups can engage in ligand exchange. For example, in the synthesis of benziodoxoles 
(Scheme 6)26, the cyclic scaffold 3 serves as a key precursor. Synthetically attractive cyclic 
λ3-iodanes could thus be prepared via ligand exchange with carbon-based (e.g. lithium 
acetylides and TMSCF3), nitrogen-based (e.g. TMSN3) and other heteroatom-based 
nucleophile (e.g. Et3N·HF ). 
 
Scheme 6. Synthesis of benziodoxole reagents via ligand exchange. 
1.3.2 The Super-Leaving Group Ability of the [ArI] Fragment 
As already mentioned, most synthetic applications of the λ3-iodanes involve the eventual 
elimination of a univalent organoiodide, typically via various modes of reductive elimination. 
The excellent leaving ability of the [ArI] fragment is a strong contribution factor in this facile 
                                                              
(26) Li, Y.; Hari, D. P.; Vita, M. V.; Waser, J. Angew. Chem. Int. Ed. 2016, 55, 4436-4454.  
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and energetically favorable process. Ochiai and coworkers tested this leaving ability 
quantitatively by comparing the rates of solvolysis of 1-cyclohexenyl triflate 4 and (1-
cyclohexenyl) aryl-λ3-iodane 5 (Scheme 7).27 In that study, substrates 4 and 5 were each 
placed in an 80:20 (v/v) EtOH-H2O solution at 50 ℃, and the rates of solvolysis were 
measured spectrophotometrically. Pseudo-first-order rate constants of the solvolysis (kobs) in 
Scheme 7 indicated that the leaving ability of [ArI] fragment is about 106 greater than that 
of triflate, itself already an excellent leaving group. It was also found that the electronic 
property of the aryl ring affects the leaving ability of [ArI] fragment, which increases with 
the decrease of the electron density on the aromatic ring. 
 
Scheme 7. Solvolysis rates for comparison of leaving ability. 
1.3.3 Reductive Elimination 
The superlative leaving group ability of the ArI group from organic λ3-iodane is at the heart 
of the bulk of transformations with this class of reagents family. Ochiai and coworkers 
demonstrated the usage of alkenylphenyl-λ3-iodanes to generate a transient 
“alkylidenecarbene” via base-induced reductive α-elimination. In the reaction of the λ3-
iodane 6a, the intermediate “alkylidenecarbene” 7a evolved into bicycle-[3.3.0]octane 8 via 
1,5-CH insertion (Scheme 8).28 The authors noted that while “the strongly basic tBuOK or 
harsh conditions are required to generate carbenic species from vinyl halides”, the use of 
vinyl λ3-iodanes allows for their generation in a very mild manner. 
Under the same conditions, a 1,2-rearrangement was found favorable when a functional 
group with high migratory aptitude was placed β to the iodine atom. As shown in Scheme 9, 
alkenyliodonium salt 6b bearing a β-phenylsulfenyl substituent underwent a smooth 1,2-
rearrangement to produce the alkynyl sulfide 9. 
                                                              
(27) Okuyama, T.; Takino, T.; Sueda, T.; Ochiai, M. J. Am. Chem. Soc. 1995, 117, 3360-3367.  
(28) Ochiai, M.; Takaoka, Y.; Nagao, Y. J. Am. Chem. Soc. 1988, 110, 6565-6566. 
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Scheme 8. “Alkylidenecarbene” 7 generation via reductive α-elimination. 
 
Scheme 9. Alkynyl sulfide 9 via 1,2-rearrangement from “alkylidenecarbene” 7b.  
More recently, this 1,2-rearrangement strategy has been applied to the generation of 
cyanocarbene, a reactive species not easily accessible by other means. Croatt and Hyatt 
reported that the cyanocarbene B could be formed via vinylidenecarbene A upon a 1,2-
rearrangement and dinitrogen release. In the presence of styrene, the method afforded the 
cyclopopanated product 12 (scheme 10).29 
 
Scheme 10. Cyanocarbene generation. 
Reductive β-elimination is another reactivity manifold possible in organic λ3-iodanes, and 
constitutes a key step in the oxidation of alcohols to the corresponding carbonyl compounds. 
For example, a combination of the (diacetoxyiodo)benzene (PIDA) and 2,2,6,6-Tetramethyl 
piperidinyloxyl (TEMPO) is able to oxidize terminal alcohols to the corresponding 
aldehydes selectively in the presence of secondary alcohols (Scheme 11);13d analogous 
                                                              
(29) Hyatt, I. F. D.; Croatt, M. P. Angew. Chem. Int. Ed. 2012, 51, 7511-7514.  
(30) (a) Moriarty, R. M.; Vaid, R. K.; Duncan, M. P.; Ochiai, M.; Inenaga, M.; Nagao, Y. Tetrahedron Lett. 1988, 
29, 6913-6916. (b) Moriarty, R. M.; Hopkins, T. E.; Prakash, I.; Vaid, B. K.; Vaid, R. K. Synth. Commun. 1990, 20, 
2353-2357. 
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reactivity has also been applied to the conversion of amines to imines through a combination 
of ligand exchange and reductive β-elimination steps.30 
 
Scheme 11. Oxidation of alcohol via reductive β-elimination. 
The generation of benzyne from o-(trimethylsilyl)phenyl-λ3-iodane is another example of a 
β-elimination and can take place under very mild conditions.31 Recently, this strategy was 
utilized in a controlled synthesis of polycyclic aromatic compounds. As shown in Scheme 
12, due to a large difference of the leaving abilities of [PhI] and OTf-, the chemoselective 
generation of the benzyne could be achieved at different temperatures, allowing for 
sequential cycloaddition with differentiated arynophiles.32 
Me3Si
TfO(Ph)I
OTf
SiMe3
O
Ph Ph
Ph Ph
O
O
Ph
Ph
Ph
Ph
85%
OTf
SiMe3
F-
O
O
OTf
SiMe3
F-, 45 oC O
Ph Ph
Ph Ph
O
benzyne benzyne
1) CsF, 0 oC, 10 min
2) 45 oC, 15 hrs
0 oC
- Me3SiF
- PhI
- Me3SiOTf
- -OTf
- Me3SiF
- -OTf
 Scheme 12. Benzyne generation via reductive β-elimination. 
Oae first introduced the ligand coupling as another mode of reductive elimination on 
hypervalent species.33 The concept, as applied to high-valent iodine reagent, is roughly 
equivalent to the classical “reductive elimination” from a transition metal complex, and 
refers to the intramolecular coupling of two iodine-bound ligands with a concomitant release 
                                                              
(31) (a) Kitamura, T.; Yamane, M. J. Chem. Soc., Chem. Commun. 1995, 983-984. (b) Kitamura, T.; Yamane, M.; 
Inoue, K.; Todaka, M.; Fukatsu, N.; Meng, Z.; Fujiwara, Y. J. Am. Chem. Soc. 1999, 121, 11674-11679.  
(32) Kitamura, T.; Gondo, K.; Oyamada, J. J. Am. Chem. Soc. 2017, 139, 8416-8419.  
(33) Oae, S.; Uchida, Y. Acc. Chem. Res. 1991, 24, 202-208.  
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of the “normal-valent” organoiodine species.2b,9,34 For example, in the trifluoromethylation 
of aliphatic alcohols reported by Togni and coworkers, the reaction was proposed via Zn(II)-
promoted ligand exchange with alcohol followed by ligand coupling (Scheme 13).35 
 
Scheme 13. Trifluoromethylation of aliphatic alcohols via ligand coupling. 
1.3.4 Single-Electron Transfer 
In most examples shown above, organic λ3-iodanes are treated as 2e- oxidants. However, 
single-electron transfer (SET) manifolds are not only possible, but have been frequently 
invoked to explain and design a variety of transformations. In an interesting (relatively) 
recent development, Kita and coworkers invoked an SET step to describe the mechanism of 
a metal-free oxidative aryl C-H coupling with nucleophiles.36 An example includes an 
oxidative C-H azidation of electron-rich para-substituted phenol ethers using 
[bis(trifluoroacetoxy)iodo] benzene (PIFA) (Scheme 14).37 The putative cation radicals 
[ArH·+] was detected by UV-Vis and ESR spectroscopies and was proposed to arise from an 
SET process within a charge-transfer (CT) complex of the substrate and PIFA. UV-Vis 
measurements also indicated that the fluoroalcohol, used as a reaction medium, was able to 
stabilize this cation radicals.38 
This SET strategy has also been applied in the Kita laboratory to the oxidative biaryl cross-
coupling reactions, in both intramolecular and intermolecular fashion.34,39 This work, 
initiated in the early 1990’s, culminated with a 2008 report of the intermolecular coupling 
between naphthalenes and a series of poly-alkylarenes in the presence of PIFA (Scheme 
15A).39a As later found by our group, this coupling also produced fluorescent byproducts (A-
                                                              
(34) Kita, Y.; Dohi, T. Chem. Rec. 2015, 15, 886-906. 
(35) Koller, R.; Stanek, K.; Stolz, D.; Aardoom, R.; Niedermann, K.; Togni, A. Angew. Chem. Int. Ed. 2009, 48, 
4332-4336.  
(36) Kita, Y.; Takada, T.; Tohma, H. In Pure Appl. Chem. 1996; Vol. 68, p 627.  
(37) Kita, Y.; Tohma, H.; Inagaki, M.; Hatanaka, K.; Yakura, T. Tetrahedron Lett. 1991, 32, 4321-4324.  
(38) Kita, Y.; Tohma, H.; Hatanaka, K.; Takada, T.; Fujita, S.; Mitoh, S.; Sakurai, H.; Oka, S. J. Am. Chem. Soc. 
1994, 116, 3684-3691.  
(39) (a) Dohi, T.; Ito, M.; Morimoto, K.; Iwata, M.; Kita, Y. Angew. Chem. Int. Ed. 2008, 47, 1301-1304. (b) Dohi, 
T.; Ito, M.; Yamaoka, N.; Morimoto, K.; Fujioka, H.; Kita, Y. Tetrahedron 2009, 65, 10797-10815  
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C) (the spots with small Rf values), with the ratio between the target 13 and these byproducts 
highly sensitive to the amount of PIFA employed. We also found that a four-component 
coupling proceeded smoothly with high loading of PIFA, leading to various linear polyarenes 
in a remarkably chemoselectivity manner (e.g. 14 was formed in an 87% yield, Scheme 
15B)40 
 Scheme 14. Oxidative azidation with PIFA via SET process. 
 
Scheme 15. Oxidative cross-coupling of aromatic compounds (TLC under 365 nm light). 
1.3.5 Homolytic I-X Cleavage 
As early as 1950s, the thermal decomposition of (dibenzoyloxyiodo)benzene in pyridine at 
105 oC was reported to give the three isomers of the phenylpyridine. It was proposed that the 
benzoyloxy radical, generated via a homolytic cleavage of the I-O bond, would subsequently 
                                                              
(40) (a) Faggi, E.; Sebastián, R. M.; Pleixats, R.; Vallribera, A.; Shafir, A.; Rodríguez-Gimeno, A.; Ramírez de 
Arellano, C. J. Am. Chem. Soc. 2010, 132, 17980-17982. (b) Guo, W.; Faggi, E.; Sebastián, R. M.; Vallribera, A.; 
Pleixats, R.; Shafir, A. J. Org. Chem. 2013, 78, 8169-8175.  
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undergo decarboxylation to give the phenyl radical. A reaction of this radical with pyridine 
then furnished the final product (Scheme 16).41  
 
Scheme 16. Thermal decomposition of (dibenzoyloxyiodo)benzene in pyridine. 
The approach has become, in fact, a common route to radical generation. For example, Togo 
and coworkers reported the alkylation of heteroaromatic substrates with organic λ3-iodanes 
(Scheme 17).42 Here, the reaction started with the ligand exchange to furnish the 1-
adamantyl carboxyl λ3-iodane derivative in situ, followed by the generation of the carboxyl 
radical and the subsequent decarboxylation to give the 1-adamantyl radical. As in the 
previous example, the newly generated radical then reacted with 4-methylquinoline to give 
the final product.  
 
Scheme 17. Radical decarboxylative alkylation. 
More recently, radical generation via the photocatalytic decomposition of λ3-iodanes with 
UV or visible light has been developed.43 For instance, the Togni’s reagent could furnish the 
CF3·radicals under irradiation in the presence of certain photocatalysts, including 
Ru(bpy)3(PF6)2, to give the trifluoromethylated alkenes (Scheme 18).44  
 
Scheme 18. Photocatalyzed trifluoromethylation with Togni´s reagent. 
                                                              
(41) Hey, D. H.; Stirling, C. J. M.; Williams, G. H. J. Chem. Soc. 1955, 3963-3969. 
(42) Togo, H.; Aoki, M.; Kurmochi, T.; Yokoyama, M. J. Chem. Soc., Perkin Trans. 1 1993, 2417-2427.  
(43) Wang, L.; Liu, J. Eur. J. Org. Chem. 2016, 2016, 1813-1824.  
(44) Yasu, Y.; Koike, T.; Akita, M. Chem. Commun. 2013, 49, 2037-2039.  
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1.4 Metal-Free Arylation with Organic λ3-Iodanes as Arylating Agent 
A broad range of arylation processes have been developed using diaryliodonium salts as 
electrophilic aryl transfer agent. This chemistry has already been summarized in many books 
and reviews.9,12a,45 In this section, we will focus on transition-metal-free variants of these 
applications. However, in addition, details of N-arylation with diaryliodonium salts under 
transition metal catalysis will be discussed in Chapter 4. 
The arylation of a nucleophilic fragment is generally expected to proceed in two steps, 
starting with a ligand exchange at the iodine center and a subsequent ligand coupling step 
(Scheme 19A). This proposal has been supported by experimental evidence.46 For example, 
in recent mechanistic study of the N-arylation of phthalimides reported by Muñiz and 
coworkers, the intermediate A, generated through the ligand exchange at the iodine center, 
was isolated and shown to undergo the ligand coupling to deliver the arylated phthalimide 
(Scheme 19B). Similarly, the intermediacy of the diaryliodonium fluoride (Ar2I···F) in the 
aromatic fluorination was confirmed by Pike and co-workers using the isolated T-shaped 
fluoride species.47 
 
Scheme 19. Generally proposed pathway of arylation. 
The broad range of the arylations using diaryliodonium salts include (but is not limited to) a 
variety of C-, N- and O-arylation reactions. 
1.4.1 The C-Arylation 
The arylation of compounds containing an active methylene group constitute a synthetically 
attractive carbon-carbon bond-forming manifold. Here too, the use of the highly electrophilic 
diaryliodonium salts can furnish the α-arylated product under transition metal-free 
conditions. The early research on this field began in 1960’s when Beringer and coworkers 
                                                              
(45) (a) Wirth, T. ed. Hypervalent Iodine Chemistry; Springer International Publishing. 2016; 373. (b) Merritt, E. 
A.; Olofsson, B. Angew. Chem. Int. Ed. 2009, 48, 9052-9070. (c) Stuart, D. R. Chem. Eur. J. 2017. DOI: 
10.1002/chem.201702732 (d) Fañanás-Mastral, M. Synthesis 2017, 49, 1905-1930. (e) Yusubov, M. S.; Maskaev, 
A. V.; Zhdankin, V. V. ARKIVOC 2011, i, 370-409.  
(46) (a) Ozanne‐Beaudenon, A.; Quideau, S. Angew. Chem. Int. Ed. 2005, 44, 7065-7069. (b) Lucchetti, N.; 
Scalone, M.; Fantasia, S.; Muñiz, K. Angew. Chem. Int. Ed. 2016, 55, 13335-13339.  
(47) Lee, Y.-S.; Chun, J.-H.; Hodošček, M.; Pike, V. W. Chem. Eur. J. 2017, 23, 4353-4363.   
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reported a reaction between the diphenyliodonium cation and the enolate anions of various 
carbonyl compounds, including 1,3-indandiones,48 1-indanones,49 malonate,50 and esters51. 
At that time, the use of CH2 substrates led to mixtures of the monoarylated and diarylated 
products with low levels of chemoselectivity. Subsequently, the arylation of additional 
nucleophiles was also developed (e.g. the Meldrum’s acid, Scheme 20).52  
 Scheme 20. Arylation of nucleophiles. 
Aiming to engage unactivated ketones, the corresponding silyl enol ethers were introduced 
by Koser and Chen, demonstrating the construction of the α-phenylated cyclic and acyclic 
ketones.53 The use of a pre-activated enol had an additional advantage: a selective transfer 
of a single phenyl group (Scheme 21). It is interesting to note that the authors invoked a 
radical cage mechanism to explain the product formation. 
 Scheme 21. Arylation with silyl enol ethers. 
Ochiai and coworkers demonstrated the possibility to use chiral diaryliodonium salts to reach 
moderately enantio-enriched α-arylated ketoesters.54 Another strategy for enantioselective α-
arylation with diaryliodonium salts, reported by Aggarwal and Olofsson, consisted in using 
a chiral base [Simpkins´ (R,R)-base] in the enolate generation step (Scheme 22).55 
With some exceptions, the α-arylation of carbonyl compounds is usually explained by the 
pathway shown in Scheme 19, i.e. via ligand exchange and ligand coupling. However, the 
ligand exchange can lead to two possible intermediates, O-enolate A and C-enolate B. A 
computational study by Norrby and Olofsson indicated that the intermediates A and B are 
                                                              
(48) Beringer, F. M.; Galton, S. A.; Huang, S. J. J. Am. Chem. Soc. 1962, 84, 2819-2823.  
(49) Beringer, F. M.; Daniel, W. J.; Galton, S. A.; Rubin, G. J. Org. Chem. 1966, 31, 4315-4318.  
(50) Beringer, F. M.; Forgione, P. S. Tetrahedron 1963, 19, 739-748.  
(51) Beringer, F. M.; Forgione, P. S. J. Org. Chem. 1963, 28, 714-717.  
(52) Chen, Z.; Jin, Y.; Stang, P. J. J. Org. Chem. 1987, 52, 4115-4117.  
(53) Chen, K.; Koser, G. F. J. Org. Chem. 1991, 56, 5764-5767.  
(54) Ochiai, M.; Kitagawa, Y.; Takayama, N.; Takaoka, Y.; Shiro, M. J. Am. Chem. Soc. 1999, 121, 9233-9234. 
(55) Aggarwal, V. K.; Olofsson, B. Angew. Chem. Int. Ed. 2005, 44, 5516-5519.  
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close in energy and are in equilibrium. The product could then be constructed either through 
a classical or [1,2] rearrangement from B, or a [2,3] rearrangement from A (Scheme 23).56 
Scheme 22. Enantioselective α-arylation with diaryl-λ3-iodanes. 
 Scheme 23. Possible intermediate for α-Arylation of carbonyl compounds. 
Interestingly, for the aldehyde substrates, the use of diaryliodonium salts has allowed access 
not only to α- but also the (O)C-H arylated products. Such C-H arylation was reported by 
Gaunt and co-workers under metal-free conditions in the presence of an N-heterocyclic 
carbene (NHC) organocatalyst (Scheme 24).57  
+ Ar2IOTf
DMAP, iPrOH, CH2Cl2, 0 oC O
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Scheme 24. Arylation of aldehydes. 
The arylation of arenes and heteroarenes (such as naphthalenes,58 quinones,59 
naphthoquinones,59 pyrroles,60 pyrazines60) has also been reported (Figure 7). It should be 
noted that a radical mechanism was proposed in most of these reactions. 
                                                              
(56) Norrby, P.-O.; Petersen, T. B.; Bielawski, M.; Olofsson, B. Chem. Eur. J. 2010, 16, 8251. 
(57) Toh, Q. Y.; McNally, A.; Vera, S.; Erdmann, N.; Gaunt, M. J. J. Am. Chem. Soc. 2013, 135, 3772. 
(58) Castro, S.; Fernandez, J. J.; Vicente, R.; Fananas, F. J.; Rodriguez, F. Chem. Commun. 2012, 48, 9089-9091. 
(59) Wang, D.; Ge, B.; Li, L.; Shan, J.; Ding, Y. J. Org. Chem. 2014, 79, 8607-8613.  
(60) Wen, J.; Zhang, R.-Y.; Chen, S.-Y.; Zhang, J.; Yu, X.-Q. J. Org. Chem. 2012, 77, 766-771.  
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Figure 7. Arylation of arenes and heteroarenes. 
1.4.2 N-Arylation, O-Arylation and Others 
During 1950s and 1960s, Beringer and coworkers published a series of research articles 
describing the ability of diphenyliodonium salts to transfer a phenyl group to a variety of 
nitrogen-based nucleophiles, including sodium nitrite, sulfonamides, aniline and 
piperidine.61 At that time, low yields were achieved in some cases (aniline, piperidine) 
despite leaving the mixture under reflux in water. Later, efficient phenylations (and 
arylations in general) of aromatic amine derivatives were developed by other groups (Figure 
8).62 In addition, amides have been arylated at room temperature.63 More recently, the 
arylation of phthalimide has been accomplished with the bulky diaryliodonium salts, 
providing access to 2,6-disubstituted anilines.46b  
 
Figure 8. Arylation of amines and amides. 
The O-arylation constitutes another cornerstone in the synthetic applications of 
diaryliodonium salts. Once again, this road was paved by the Beringer laboratory in the 
1950s.61 Recently, however, significant advances have been achieved by Olofsson and 
coworkers, who have reported the arylations of a wide range of oxygen nucleophiles,64 
including phenols,64a,64b alcohols,64c carboxylic acids,64b,64e sulfonic acids64b, carbohydrate64f 
                                                              
(61) Beringer, F. M.; Brierley, A.; Drexler, M.; Gindler, E. M.; Lumpkin, C. C. J. Am. Chem. Soc. 1953, 75, 2708-
2712.  
(62) (a) Carroll, M. A.; Wood, R. A. Tetrahedron 2007, 63, 11349-11354. (b) Guo, F.; Wang, L.; Wang, P.; Yu, J.; 
Han, J. Asian Journal of Organic Chemistry 2012, 1, 218-221. (c) Riedmüller, S.; Nachtsheim, B. J. Synlett 2015, 
26, 651-655.  
(63) Tinnis, F.; Stridfeldt, E.; Lundberg, H.; Adolfsson, H.; Olofsson, B. Org. Lett. 2015, 17, 2688-2691.  
(64) (a) Jalalian, N.; Ishikawa, E. E.; Silva, L. F.; Olofsson, B. Org. Lett. 2011, 13, 1552-1555. (b) Jalalian, N.; 
Petersen, T. B.; Olofsson, B. Chem. Eur. J. 2012, 18, 14140-14149. (c) Lindstedt, E.; Ghosh, R.; Olofsson, B. Org. 
Lett. 2013, 15, 6070-6073. (d) Ghosh, R.; Olofsson, B. Org. Lett. 2014, 16, 1830-1832. (e) Petersen, T. B.; Khan, 
R.; Olofsson, B. Org. Lett. 2011, 13, 3462-3465. (f) Tolnai, G. L.; Nilsson, U. J.; Olofsson, B. Angew. Chem. Int. 
Ed. 2016, 55, 11226-11230.  
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and oxyimides64d (Figure 9). The latter N-aryloxyimides could be converted to N-
aryloxyamines by hydrolysis.  
 
Figure 9. Arylations of oxygen nucleophiles. 
Although the remaining nucleophiles are outside the scope of this chapter,65 we would like 
to close this section by simply mentioning the great potential of the diaryliodonium salts in 
biomedical research due to their ability to undergo rapid fluorination using the weakly 
nucleophilic 18F- anion. Extensive studies in this field have been motivated by the potential 
of the corresponding fluorine-18 labelled (hetero)arenes as privileged imaging agents in 
positron emission tomography (PET).66 For example, the [18F]-13 ([18F]DAA1106), 
obtained by this method in a 46% radiochemical yield has been successfully employed in 
PET imaging of the peripheral-type benzodiazepine receptor in the brain.67 
 
Scheme 25. Synthesis of 18F-labeled arenes. 
1.4.3 Chemoselectivity in the Arylation with Unsymmetrical Diaryliodonium Salts 
Both the symmetrical and unsymmetrical diaryliodonium salts are employed in synthesis, 
with a recent trend to rely more heavily on the latter type. Indeed, the synthesis of 
unsymmetrical salts is often straightforward, and their application may present certain 
advantages, including avoiding the waste of a costly aryl group, or a reactivity control 
provided by certain “spectator” aryl groups. The usage of the unsymmetrical species, 
however, requires high degrees of control over which of the two groups is transferred to the 
nucleophile. 
                                                              
(65) Olofsson, B. In Hypervalent Iodine Chemistry; Wirth, T., Ed.; Springer International Publishing: Cham, 2016, 
p 135-166.  
(66) Preshlock, S.; Tredwell, M.; Gouverneur, V. Chem. Rev. 2016, 116, 719-766.  
(67) Zhang, M.-R.; Kumata, K.; Suzuki, K. Tetrahedron Lett. 2007, 48, 8632-8635.   
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According to a large body of experimental results and computational studies on metal-free 
arylation, general conclusions have been drawn regarding this selectivity.45b,45c,68 Hence, the 
chemoselectivity was found to be controlled by both steric and electronic properties of the 
two aryl substituents, and by the nature of the nucleophile. In the case of unsymmetrical 
diaryliodonium salts without bulky ortho substituents, a bias for the transfer of the more 
electron-deficient aryl group is generally observed, likely due to the negative charge that 
develops on the reactive aryl group in the transition state (Figure 10).9,69 
 
Figure 10. Transition states during ligand coupling. 
On the other hand, the chemoselectivity of the arylation with unsymmetrical diaryliodonium 
salts containing bulky group(s) at the ortho position(s) is less predictable. The so-called ortho 
effect has been used to describe the reactivity in cases where the coupling took place 
selectively at the more bulky aryl group. This effect, however, is not universal, and opposite 
trends have been observed with certain nucleophile families.54,57,70 In 2013, Olofsson and 
coworkers carried out a systematic chemoselectivity research on the arylations of three 
nucleophiles (phenol, aniline and malonate) with various unsymmetrical diaryliodonium 
salts. The DFT calculations, which matched the observed experimental results, confirmed 
that the chemoselectivities closely followed the differences in transition-state energies for 
the ligand coupling step (Figure 11).68 
An attempt to rationalize (or at least to systematize) the aryl transfer from unsymmetrical 
diaryliodonium species led Stuart to depict the selectivity trend with a following simple 
diagram, in which the electronic and the steric effects have bene plotted separately as a 
function of the nucleophile employed (Scheme 26).45c Interestingly, the presence of the ortho 
or anti-ortho effects was correlated with the softness of hardness of the nucleophile. 
                                                              
(68) Malmgren, J.; Santoro, S.; Jalalian, N.; Himo, F.; Olofsson, B. Chem. Eur. J. 2013, 19, 10334-10342.  
(69) Ochiai, M.; Kitagawa, Y.; Toyonari, M. ARKIVOC 2003, 2003, 43 - 48.  
(70) (a) Miralles, N.; Romero, R. M.; Fernandez, E.; Muniz, K. Chem. Commun. 2015, 51, 14068-14071. (b) 
Ackermann, L.; Dell’Acqua, M.; Fenner, S.; Vicente, R.; Sandmann, R. Org. Lett. 2011, 13, 2358-2360. (c) Qian, 
X.; Han, J.; Wang, L. Adv. Synth. Catal. 2016, 358, 940-946. 
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Figure 11. Transition states during ligand coupling in the arylation of aniline.  
 Scheme 26. General trends in aryl transfer selectivity of unsymmetrical salts. 
1.5 Acid Activation of (Diacetoxyiodo)benzene 
In many reactions employing λ3-iodanes, an acid additive (either Lewis or Brønsted) was 
found to be essential to achieve the desired reactivity. This has been rationalized by the 
formation of an acid-activated λ3-iodanes with a more electrophilic and /or more strongly 
oxidizing iodine(III) center (Scheme 27).24 The most popular such additives include 
BF3·Et2O, TMSOTf, TMSBr, as well as Tf2O and TfOH. Alternatively, a similar activation 
effect has also been achieved by the use of certain polar weakly nucleophilic fluorinated 
alcohol solvent, such as hexafluoroisopropanol (HFIP).71 In this latter case, the enhanced 
reactivity of the simple (diacetoxyiodo)benzene in HFIP was recently rationalized via the 
formation of a strong H-bonded adduct between the HFIP and PIDA which was observed by 
NMR (Scheme 28).72 
                                                              
(71) (a) Dohi, T.; Yamaoka, N.; Kita, Y. Tetrahedron 2010, 66, 5775-5785. (b) Colomer, I.; Coura Barcelos, R.; 
Donohoe, T. J. Angew. Chem. Int. Ed. 2016, 55, 4748-4752.  
(72) Colomer, I.; Batchelor-McAuley, C.; Odell, B.; Donohoe, T. J.; Compton, R. G. J. Am. Chem. Soc. 2016, 138, 
8855-8861. 
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Scheme 27. Organic λ3-iodanes reactions with an acid additive. 
 
Scheme 28. The formation of a strong H-bonded adduct between PIDA and HFIP. 
The same year, our group obtained structural and spectroscopic evidence for this acid 
activation in the PhI(OAc)2 / BF3·Et2O system, given the prevalence of this reagent 
combination in a wide range of oxidative transformations (such as alcohol oxidation, arene 
functionalization, olefin diacetoxylation, etc).73 A gradual downfield displacement of the 
aromatic resonances was observed in 1H NMR spectrum with portionwise additions of 
BF3·Et2O (from 0 to 1.2 equiv.) to a CD3Cl solution of PhI(OAc)2, indicating the formation 
of a more electron-deficient species. NMR titration data was consistent with a 1:1 
PhI(OAc)2-BF3 adduct.  
Furthermore, crystals of PhI(OAc)-BF3 suitable for X-ray diffraction were obtained 
(Figure12A). The structure presents BF3 moiety bound to the distal O atom of one of the 
OAc ligands. Importantly, the I-O bond for the OAc·BF3 ligand (2.28 Å) was longer than 
ones in PhI(OAc)2 (2.09 Å average, see in Figure 5A). This was accompanied by the 
matching shortening of the remaining I-OAc bond to 2.076 Å (for trans influence, see section 
1.2). A similar behavior could also been observed in the difluoroacetate derivative 
PhI(OCOCH2F)2·BF3 (Figure 12B). Finally, the group was also able to obtain a solid state 
structure of the species obtained by the activation with TMSOTf. In this case, the newly 
formed PhI(OAc)(OTf) was featured a longer I-OTf (2.347 Å), consistent with a weakly 
bound ionic pair between PhI(OAc)+ and OTf- (Figure 12C). 
                                                              
(73) Izquierdo, S.; Essafi, S.; del Rosal, I.; Vidossich, P.; Pleixats, R.; Vallribera, A.; Ujaque, G.; Lledós, A.; Shafir, 
A. J. Am. Chem. Soc. 2016, 138, 12747-12750. 
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Figure 12. X-ray structures of I(III)-acid complexes. 
DFT calculations confirmed that in all cases, the acid-activated adducts presented the LUMO 
energies that were lower than in the parent PhI(OAc)2. Finally, it was shown that the 
reactivity of the isolated activated adducts was similar to that of the PIDA/acid combination. 
An example of such comparison is illustrated with the oxidative cyclization of the N-allyl 
benzamide 14 to oxazoline 15. Both reactions with a mixture of PIDA/BF3·Et2O and 
preformed PIDA-BF3 adduct proceeded smoothly, while no reaction took place with PIDA 
alone (Scheme 29). 
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 Scheme 29. Effect of acid activation on oxidative cyclization of 14. 
Recently, theoretical study of Lewis acid activation of hypervalent fluoroiodane reagent 16 
has been performed by Xue and coworkers. DFT calculations tested the possible Lewis acid 
activation mechanisms for reagent 16 in AgBF4-mediated fluorocyclization of unsaturated 
carboxylic acid. Specifically, this work examined the effect of binding the Lewis-acidic Ag+ 
center to bind to either the F- or the O-donor atoms. The results indicated that the ‘‘F-
coordination” activation model is favored over the widely accepted ‘‘O-coordination” 
activation model (Scheme 30).74 
I OF
AgBF4
O
OH O O
F
CH2Cl2
I OF AgBF4I OFF4BAg
F-coordinat ion O-coordinat ion
v.s.
16
 
Scheme 30. AgBF4 Activation model of 16. 
1.6 The General Objectives of the Thesis 
                                                             
(74) Zhou, B.; Xue, X.-s.; Cheng, J.-p. Tetrahedron Lett. 2017, 58, 1287-1291.  
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This thesis aims to develop a series of new aryl transfer methods using aryl λ3-iodane as 
building blocks. As a common feature, we focus on methodologies that allow for the 
oxidative C-H functionalization to take place with retention of the iodine atom in the final 
coupling product. To this end, two main mechanistic paths have been followed: a sigmatropic 
rearrangement of short-lived iodine-containing intermediates, and a metal-catalyzed 
rearrangement of azole-containing diaryliodonium salts. 
The aim of Chapter 1 is to introduce some general notions regarding the structure and 
reactivity of hypervalent iodine reagents. In particular, the chapter will focus on the uses of 
organo-λ3-iodanes as a tool in synthetic organic chemistry, so as to help the reader to place 
the chemistries exposed in this dissertation into a proper context. 
Our earlier work in this field involved metal-free α-arylation processes via low-barrier 
iodonio-Claisen rearrangents. The method was based on the usage of aryliodine 
bis(trifluoroacetate) species as aryl transfer agents. Hence, our first objective in this thesis 
was to design a more practical metal-free α-arylation methodology via in situ hypervalent 
activation of the iodoarene. This method would allow for the construction of α-arylketones 
containing an intact iodine ortho to the new C-C bond (details in the introduction of Chapter 
2). In addition, the in situ oxidation of iodoarenes would be expected to improve step 
economy and functional group compatibility. The results are described in Chapter 2. 
 
Scheme 31. Metal-free α-arylation via in situ hypervalent activation. 
Our second objective was to explore the potential of the iodane-directed C-H 
functionalization in the construction of a broader selection of functionalized iodoarenes. In 
particular, we sought to test a variety of unsaturated organosilanes as alkylating agents, 
aiming to access to potentially versatile di-substituted aromatic building blocks. More 
specifically, we targeted the introduction of the homo-allenyl, propargyl, benzyl and electron-
deficient allyl substituent enabled by the initial Si-to-I alkyl transfer. From a mechanistic 
point of view, we aimed to study the effect of additional degrees of unsaturation within the 
organosilanes (e.g. in benzylsilane) on the regioselectivity of the iodine-directing coupling, 
aiming to go beyond the classical ortho-selectivity. Our results in this field are presented in 
Chapter 3. 
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Scheme 32. Regioselective C-H alkylation of hypervalent iodoarene cores 
Our third objective was to develop a novel access to N-arylimidazoles bearing an iodine 
substituent at the strategic C5 position. The approach, once again, would leave the iodine as 
part of the target structure, but would be based on a different principle. Here, we sought to 
achieve the N1-aryl-5-iodoimidazole core via an intramolecular metal-catalyzed iodine-to-
nitrogen aryl transfer using a new family of (NH-imidazolyl) aryliodonium salt. The results, 
including mechanistic insights and synthetic potential of the new 1,5 derivatives are shown 
in Chapter 4. 
N
HN
IAcO NN
I
N
NHH
ArI(OAc)2
+ • precursors for 1,5-disubstituted imidazoles• via iodine-to-nitrogen aryl transferAr Ar  
Scheme 33. Metal-catalyzed N1-Aryl-5-iodoimidazoles formation via NH-heterocyclic 
aryliodonium salts. 
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Chapter 2 
Hypervalent Activation as a Key Step for 
Dehydrogenative ortho C-C Coupling of Iodoarenes 
Target 
Developing a step-economic and good 
functional group compatible metal-free α-
iodoarylation of 2-cyanoketones and related 
activated carbonyl derivatives.1  
Tool 
In situ hypervalent activation of iodoarenes 
towards iodonio-Claisen reactivity.  
2.1 Introduction 
2.1.1 The α-Arylation of Carbonyl Molecules: Opportunities in Metal-Free Variants 
α-Aryl carbonyl moieties are important building blocks in pharmaceutical ingredients and 
bioactive compounds (Figure 1). They are also intermediates in the synthesis of aromatic 
heterocycles such as indoles, benzofurans and isoquinolines.2  
 
Figure 1. α-Aryl carbonyls in pharmaceutical ingredients and bioactive compounds. 
One strategy towards this class of compounds is to install an aryl group at the α-position to 
a pre-existing carbonyl group. Perhaps one of the most general modern approaches consists 
in metal-catalyzed α-arylation of carbonyl compounds (or, in general, activated methylene 
species). Although the copper-promoted variant of this transformation has been known since 
the late 20’s as the so-called Hurtley reaction,3 the method gained a widespread acceptance 
as a go-to tool due to the introduction of palladium-based catalytic manifolds mechanistically 
closely related to other Pd-catalyzed cross-coupling reactions.4 As such, these require an 
                                                              
(1) Wu, Y.; Arenas, I.; Broomfield, L. M.; Martin, E.; Shafir, A. Chem. Eur. J. 2015, 21, 18779-18784.  
(2) Potukuchi, H. K.; Spork, A. P.; Donohoe, T. J. Org. Biomol.Chem. 2015, 13, 4367-4373.  
(3) Hurtley, W. R. H. J. Chem. Soc. 1929, 1870-1873.  
(4) (a) Bellina, F.; Rossi, R. Chem. Rev. 2010, 110, 1082-1146. (b) Johansson, C. C. C.; Colacot, T. J. Angew. Chem. 
Int. Ed. 2010, 49, 676-707. (c) Prim, D.; Marque, S.; Gaucher, A.; Campagne, J.-M. In Org. React.; John Wiley & 
Sons, Inc.: 2012. (d) Palucki, M.; Buchwald, S. L. J. Am. Chem. Soc. 1997, 119, 11108-11109. (e) Hamann, B. C.; 
Hartwig, J. F. J. Am. Chem. Soc. 1997, 119, 12382-12383. (f) Satoh, T.; Kawamura, Y.; Miura, M.; Nomura, M. 
Angew. Chem. Int. Ed. 1997, 36, 1740-1742. 
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oxidative addition of an aryl halide (or equivalent) and proceed through the formation of 
Pd(II)(Ar)(enolate) intermediate (Scheme 1). 
Scheme 1. Palladium-catalyzed α-arylation of ketones. 
Despite the undeniable power of the metal-catalyzed arylations, several complementary 
transition metal-free (TM-free) processes have also been documented. Given a distinct 
reaction mechanism, the TM-free approaches may present reactivity profiles and functional 
group compatibility that are complementary to those achieved with metal catalysis. 
Furthermore, efficient TM-free coupling reactions are highly sought in pharmaceutical and 
agrochemical manufacturing, particularly at latter stages of chemical synthesis where the 
presence of metal residues often raises the need for costly additional purification steps. 
Indeed, aryl halides, which are the common arylating agents in metal-catalyzed reactions, 
are also known to undergo a formal nucleophilic substitution reaction with enolate 
nucleophiles. Such processes can proceed through various mechanisms, ranging from 
nucleophilic aromatic substitution to radical substitution reactions (SRN1), with the exact 
sequence of steps depending on the choice of experimental conditions. A nice example of the 
synthetic usefulness of the nucleophilic aromatic substitution in the α-arylation of diketones 
was provided in a 1991 report by Solé and Bonjoch, who prepared a key α-aryl building 
block through a reaction of 1,3-cyclohexanedione with an activated fluoroarene.5 The 
building block (which could also be accessed from the corresponding ArI) was subsequently 
applied to the synthesis of a series of alkaloids, including (-)-strychnine (Scheme 2).6 
 Scheme 2. Synthesis of (-)-strychnine involving metal-free α-arylation of diketone. 
On the other hand, the radical manifold is nicely illustrated by a recent protocol reported by 
Taillefer and co-workers on transition-metal-free α-arylation of enolizable aryl ketones. The 
coupling takes place in the presence of KOtBu in DMF (Scheme 3),7 and was postulated to 
                                                              
(5) Solé, D.; Bonjoch, J. Tetrahedron Lett. 1991, 32, 5183-5186.  
(6) (a) Solé, D.; Bosch, J.; Bonjoch, J. Tetrahedron 1996, 52, 4013-4028. (b) Solé, D.; Bonjoch, J.; García-Rubio, 
S.; Peidró, E.; Bosch, J. Angew. Chem. Int. Ed. 1999, 38, 395-397.  
(7) Pichette Drapeau, M.; Fabre, I.; Grimaud, L.; Ciofini, I.; Ollevier, T.; Taillefer, M. Angew. Chem. Int. Ed. 2015, 
54, 10587-10591.  
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proceed via a radical chain mechanism. Specifically, the reaction was initiated by the 
generation of a carbamoyl anion from deprotonation of the solvent (DMF) by KOtBu. This 
electron-rich carbamoyl anion can thus react with haloarenes via a SET pathway to form the 
corresponding arene radicals. 
 Scheme 3. KOtBu promoted α-arylation with aryl halide. 
Regarding the purely nucleophilic α-arylation, an obvious issue is the need for an activated 
electron-deficient aromatic electrophilic component. In this context, the use of the highly 
electrophilic diaryliodonium salts opens the door for the transfer of a wider range of aryl 
groups. Consequently, the usage of the diaryliodonium salts in metal-free α-arylation of 
carbonyl compounds can be traced back to the 1960s when Beringer and coworkers 
performed the α-arylation cyclic keto-esters and related CH-acidic compounds.8 Since the 
α-arylation using diaryliodonium salts has already been discussed in Chapter 1, we will only 
mention that this reaction has by now been applied to the synthesis of a wide range of mid- 
and later-stage cores, as seen in a recent synthesis of the antimalarial candidate compound 
ELQ-300.9  
Scheme 4. Synthesis of ELQ-300 via an α-arylation by diaryliodonium salt. 
2.1.2 Sulfoxide and Iodonio-Based Redox α-Arylation of Carbonyl Molecules 
Interestingly, an alternative mechanistic pathway was discovered in the context of studying 
the gold(I)-catalyzed addition of arylsulfoxides to alkynes. In fact, intramolecular variant of 
this reaction had been reported early on and were assumed to proceed through a gold-carbene 
intermediate. In 2009, Asensio, Cuenca, Lledós et al. while studying the related 
intermolecular addition, discovered that the formation of the α-arylketone product stemmed 
                                                              
(8) (a) Beringer, F. M.; Galton, S. A.; Huang, S. J. J. Am. Chem. Soc. 1962, 84, 2819-2823. (b) Beringer, F. M.; 
Forgione, P. S. Tetrahedron 1963, 19, 739-748. (c) Beringer, F. M.; Forgione, P. S. J. Org. Chem. 1963, 28, 714-
717.  
(9) Monastyrskyi, A.; Namelikonda, N. K.; Manetsch, R. J. Org. Chem. 2015, 80, 2513-2520.  
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from an unusual low-barrier [3,3] sigmatropic rearrangement, which resembled closely a 
Claisen rearrangement (Scheme 5).10 
 Scheme 5. The α-arylketone product formed via [3,3] sigmatropic rearrangement. 
A few years later, Maulide and coworkers reported that an analogous reactivity could be 
achieved in the absence of a catalyst by using a combination of an aryl sulfoxide and a cyclic 
ketoester (Scheme 6).11 Overall, the reaction represents a metal-free direct α-arylation of an 
activated carbonyl substrate and gives the α-aryl cyclohexanone 2 containing the (reduced) 
sulfur substituent ortho to the new C-C bond. The initial steps of the process were described 
as an “interrupted Pummerer” sequence, with the arylsulfoxide activated by the anhydride 
additive. The key carbon-carbon bond-forming step then involved the formation of a cationic 
sulfonium enolate, followed by a [3,3]-sigmatropic rearrangement and rearomatization. 
 Scheme 6. Metal-free α-arylation with aromatic sulfoxide. 
In 2014, our group reported that metal-free α-arylation of activated carbonyl compounds 
could also be achieved employing [bis(trifluoroacetoxy)iodo]benzene (PIFA) as an atypical 
aryl transfer agent. This discovery was made while testing the possibility of certain oxidative 
processes of the cyclic ketoester 1a upon addition of PIFA. The key finding was the 
formation of the unexpected side product 3a, identified as the ketoester core bearing a 2-
iodophenyl group α to the carbonyl moiety. This species was initially observed in 17% when 
acetonitrile was used as reaction solvent (entry 1, Table 1).12 When another common 
                                                              
(10) Cuenca, A. B.; Montserrat, S.; Hossain, K. M.; Mancha, G.; Lledós, A.; Medio-Simón, M.; Ujaque, G.; 
Asensio, G. Org. Lett. 2009, 11, 4906-4909.  
(11) Huang, X.; Maulide, N. J. Am. Chem. Soc. 2011, 133, 8510-8513.  
(12) Jia, Z.; Gálvez, E.; Sebastián, R. M.; Pleixats, R.; Álvarez-Larena, Á.; Martin, E.; Vallribera, A.; Shafir, A. 
Angew. Chem. Int. Ed. 2014, 53, 11298-11301.  
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monoaryl-λ3-iodane species [(diacetoxyiodo)benzene (PIDA)] was used, however, none of 
3a was obtained (entry 2). Highest yields were achieved by exposing between the ketone 1a 
to PIFA in the presence of a trifluoroacetic acid as co-solvent and the trifluoroacetic 
anhydride additive (entry 3). The coupling was also possible using iodosobenzene (PhIO), 
probably via the in situ formation of the bis-trifluoroacetate derivative (entry 4) 
Table 1. Arylation of cyclic ketoester with PIFA. 
 
entry  solvent PhIX2 Additive 3aa 
1 MeCN PhI(OCOCF3)2 --- 17% 
2 MeCN PhI(OCOCH3)2 --- --- 
3 MeCN/CF3COOH PhI(OCOCF3)2 (CF3CO)2O (57%) 
4 MeCN/CF3COOH PhIO (CF3CO)2O 52% 
a GC yield; isolated yield in parentheses. 
This unusual transformation exhibited a clear parallelism to the α-arylation with aryl 
sulfoxide (see in Scheme 6), and was thus rationalized through a mechanism based a [3,3] 
sigmatropic rearrangement, in this case with a cyclic iodine-containing 6-memebered 
transition state. The first step would thus involve a ligand exchange to produce the iodonium 
O-enolate I, from which the desired C-C bond formation would take place via an “iodonio-
Claisen” rearrangement. The final product would then form upon deprotonation of the 
cationic II (Scheme 7). 
 Scheme 7. Possible mechanism of arylation of cyclic ketoester with PIFA. 
As shown in Table 2, the method was applicable to the arylation of cyclic α-ketoesters, α-
diketones, but was particularly efficient when applied to the cyclic α-cyanoketones. In 
addition, although the reaction proved sluggish for open-chain cyanoketones, the acyclic 2-
methyl-3-oxo-3-phenylpropanenitrile was arylated in 60% yield under harsher condition 
(60 ℃, 48h). Importantly, the arylation took place using the ArI(OCOCF3)2 reagents derived 
from substituted iodoarenes, providing in all cases complete ortho-selectivity for the C-C 
bond formation.  
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Table 2. Selected examples in the α-iodoarylation. 
 
We will mention at this point that the requisite λ3-bis(trifluoroacetates) species could be 
obtained by from iodoarenes  using, among other approaches, a method recently reported by 
Zhdankin et al. (Scheme 8).13 
 
Scheme 8. The preparation of ArI(OCOCF3)2 using Oxone. 
In that regards, similarities in the solvent mixture and conditions used for both the 
ArI(OCOCF3)2 synthesis and the α-iodoarylation led us to consider the possibility of 
obtaining the α-iodoarylated product with in situ generated hypervalent iodine species. If 
successful, the approach would not only be more step-economical, but would also obviate 
the need to handle the often “delicate” ArI(OCOCF3)2 reagents.  
2.1.3 Transformation via in situ Hypervalent Iodine Generation 
Given that this chapter will focus on the use of in situ generated λ3-iodanes, we will now 
provide the reader with a brief overview of prior art concerning in situ oxidation of 
iodoarenes. By in situ in this case we refer to the fact that an iodoarene is used as a reagent, 
and that the λ3-iodane is both formed and consumed (presumably in some oxidative 
transformation) in the reaction flask. As far as we know, prior to this work, virtually all 
examples of such in situ processes belong to the area of the so-called iodoarene catalysis 
which allows for many oxidative transformations based on the use Ar-I(X)(Y) reagents to be 
performed using catalytic amounts of an ArI and a stoichiometric terminal oxidant. Indeed, 
most such oxidative transformations produce the iodoarene as byproduct; if the λ3-iodane 
could be re-formed, the reaction could then be performed in a catalytic manner. The success 
of the transformation thus depends, among other factors, on the ability to choose an oxidant 
that is compatible with the reaction components, but at the same time strong enough to induce 
the (re)oxidation of the catalyst (Scheme 9).  
                                                              
(13) Zagulyaeva, A. A.; Yusubov, M. S.; Zhdankin, V. V. J. Org. Chem. 2010, 75, 2119-2122.  
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Scheme 9. Transformation via in situ hypervalent iodine generation. 
In 1994, an early example of the iodoarene-catalyzed transformation, was achieved by 
Fuchigami and coworker under electrolytic conditions (Scheme 10).14 The reaction 
consisted in a gem-difluorination of the substrate 4, and was carried out with Et3N·3HF and 
a catalytic amount of 4-methoxyliodobenzene at 1.9 V of applied potential. This generates 
the difluoro-λ3-iodane in situ which then reacts with dithioacetal 4 to give the gem-
difluorinated product 5, and release the para-iodoanisole to close the cycle. 
 Scheme 10. Iodoarene-catalyzed transformation under electrolytic conditions. 
It was only in 2005 that independent reports from the groups of Kita and Ochiai described 
the iodoarene-catalyzed oxidation by chemical method (Scheme 11).15 Both transformations 
were based on the use of the meta-chloroperbenzoic acid (mCPBA) as a terminal oxidant in 
the presence of catalytic (5-10 mol%) amounts of simple iodoarenes. This pioneering 
research spurred further development in this direction. 
 Scheme 11. Iodoarene-catalyzed oxidation by the chemical method. 
                                                              
(14) Fuchigami, T.; Fujita, T. J. Org. Chem. 1994, 59, 7190-7192.  
(15) (a) Dohi, T.; Maruyama, A.; Yoshimura, M.; Morimoto, K.; Tohma, H.; Kita, Y. Angew. Chem. Int. Ed. 2005, 
44, 6193-6196. (b) Ochiai, M.; Takeuchi, Y.; Katayama, T.; Sueda, T.; Miyamoto, K. J. Am. Chem. Soc. 2005, 127, 
12244-12245.  
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Hence, numerous iodoarene-catalyzed oxidative transformations have been developed, 
including the α-functionalization of carbonyl derivatives, oxidation of alcohols, alkene 
(di)functionalization, cyclization, etc.16 In addition to mCPBA, many other terminal oxidants 
have been found suitable for completing the I(I)/(III) cycle, including Oxone®,17 hydrogen 
peroxide,18 the urea-hydrogen peroxide complex19 and Selectfluor®20 (Scheme 12).  
Scheme 12. Iodoarene-catalyzed oxidation with different oxidants. 
Perhaps one of the more interesting applications of the iodoarenes catalysis is the possibility 
to engage chiral iodoarenes to develop asymmetric oxidative transformations. The creation 
of chiral iodoarenes is in itself an interesting problem, given that the sp2 hybridization of the 
iodine-carrying carbon atom precludes a direct attachment of the catalytically active atom to 
an asymmetric center (iodoalkanes tend to decompose irreversible under oxidative 
conditions21). As one successful strategy, Kita and coworkers reported that a chiral 
spirocyclic iodoarene species catalyzed asymmetric dearomatized spirolactonization of 
                                                              
(16) (a) Zhdankin, V. V. In Hypervalent Iodine Chemistry; John Wiley & Sons Ltd: 2013, p 337-380. (b) Richardson, 
R. D.; Wirth, T. Angew. Chem. Int. Ed. 2006, 45, 4402-4404. (c) Ochiai, M.; Miyamoto, K. Eur. J. Org. Chem. 
2008, 2008, 4229-4239. (d) Dohi, T.; Kita, Y. Chem. Commun. 2009, 2073-2085. (e) Finkbeiner, P.; Nachtsheim, 
B. J. Synthesis 2013, 45, 979-999.  
(17) Yakura, T.; Konishi, T. Synlett 2007, 2007, 0765-0768.  
(18) Zhong, W.; Liu, S.; Yang, J.; Meng, X.; Li, Z. Org. Lett. 2012, 14, 3336-3339. 
(19) Dohi, T.; Minamitsuji, Y.; Maruyama, A.; Hirose, S.; Kita, Y. Org. Lett. 2008, 10, 3559-3562.  
(20) Alhalib, A.; Kamouka, S.; Moran, W. J. Org. Lett. 2015, 17, 1453-1456. 
(21) Guo, W.; Vallcorba, O.; Vallribera, A.; Shafir, A.; Pleixats, R.; Rius, J. ChemCatChem 2014, 6, 468-472.  
(22) Dohi, T.; Takenaga, N.; Nakae, T.; Toyoda, Y.; Yamasaki, M.; Shiro, M.; Fujioka, H.; Maruyama, A.; Kita, Y. 
J. Am. Chem. Soc. 2013, 135, 4558-4566.  
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naphthols (Scheme 13A).22 Another strategy consists in placing chiral ortho-substituents 
flanking the iodine center. For example, very recently a chiral C2-symmetric di-
orthosubstituted iodoarene was used by Muñiz and coworkers in an asymmetric diamination 
of styrenes. As an example, the method was used to produce a chiral 15N labeled vicinal 
diamine, which could facilitate access to entities with pharmacophoric and medicinal 
importance (Scheme 13B).23 
 Scheme 13. Asymmetric ArI-catalyzed oxidative transformation. 
2.2 Objectives 
In this chapter we aim to develop an alternative approach to access ortho-iodoarylated 
product in which the commercially available iodoarenes were directly employed. Such 
coupling will take place via an in situ hypervalent activation of the iodine atom (Scheme 14)  
 Scheme 14. The ortho-iodoarylation of 2-cyanoketones with iodoarenes. 
2.3 Results and Discussion 
2.3.1 Test and Optimization of α-Iodoarylation of 2-Cyanoketone 
For the purpose of in situ formation of λ3-iodane from iodoarene, efficient oxidation of 
iodoarene was required. Our initial window of opportunity came from the observation that 
both the original α-arylation reaction and Zhdankin’s iodoarene oxidation protocol required 
                                                              
(23) Muñiz, K.; Barreiro, L.; Romero, R. M.; Martínez, C. J. Am. Chem. Soc. 2017, 139, 4354-4357. 
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a similar solvent system (see in Table 2 and Scheme 8). Therefore, as the first step, the 
velocity of iodoarene oxidation was evaluated by means of reaction calorimetry. This 
technique is based on measuring the heat produced by a reaction as a function of time. The 
heat flow is directly proportional to the instantaneous rate, and, once integrated over the 
entire reaction time, provides the value for the ΔH of the process. Although the use of 
reaction is not always possible, it presents an advantage of working with heterogeneous 
reaction mixtures under stirring. This was important for our case study, since the Oxone®-
based oxidation of iodoarenes proceeds in a slurry. It should also be remarked that 
calorimetry does not assure the formation of the desired product, which can usually be 
confirmed by an independent technique (e.g. GC, NMR) on a model system. The heat flow 
profile corresponding to Zhdankin’s Oxone®-based oxidation of PhI (Figure 2, red trace) 
revealed that the formation of PIFA (confirmed separately by NMR) was rapid, completing 
in approx. 5 minutes (red). Moreover, in the case of the electron-deficient iodoarenes (purple: 
pCF3C6H4I; green: pBrC6H4I) which are generally more difficult to oxidize, fast conversion 
rates were also observed. The use of mCPBA, a common oxidant in in situ hypervalent iodine 
generation reactions,16d also showed a rather rapid reaction kinetic profile in the oxidation of 
iodobenzene. 
I Oxidant
CH3Cl + CF3COOH
injected
+ heat
I
OCOCF3
OCOCF3
R R
 
 Figure 2. Calorimetry kinetic profile for the oxidation of iodoarenes. 
Having confirmed a rapid oxidation of iodoarenes, initial coupling tests were conducted 
between the 2-cyanoketone 6a and iodobenzene 7a in the presence of oxidants. While a 15% 
yield of the expected 2-cyano-2-(2-iodophenyl)cyclohexane 8aa was formed in the original 
acetonitrile/trifluoroacetic acid/anhydride medium, the yield was improved to 59% by 
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leaving out the anhydride additive (Scheme 15). Moreover, a synthetically meaningful 63% 
yield of 8aa was recorded with mCPBA. Several other oxidants (Na2CO3·1.5H2O2, NaIO4, 
H2O2·CO(NH2)2 and K2S2O8) which have been utilized for the formation of λ3-iodanes were 
tested with poor results (<10% of 8aa). 
 
Scheme 15. The outcome of treating 6a with 7a in the presence of oxidant. 
A positive effect was observed by replacing acetonitrile by certain other polar aprotic 
solvents (Table 3). In particular, the α-iodoarylated product 8aa was isolated in an 82% yield 
(86% GC) when the reaction was conducted in a 1,2-dichloroethane (DCE)/trifluoroacetic 
acid mixture with Oxone® (entry 7). In addition, the reactions in halide solvents also 
performed well in the presence of mCPBA (entries 8-9). 
Table 3. The α-iodoarylation of 6a with 7a using different solvents. 
 
entry oxidant co-solvent 8aaa entry oxidant co-solvent 8aaa 
1 Oxone® CH3CN 52% 6 Oxone® CHCl3 85% 
2 Oxone® EtOAc 80% 7 Oxone® DCE 86%(82%)b 
3 Oxone® acetone 72% 8 mCPBA CH2Cl2 82%(79%)b 
4 Oxone® CH3NO2 81% 9 mCPBA DCE 75% 
5 Oxone® CH2Cl2 84%     
a GC yield. b Isolated yield. 
The use of the trifluoroacetic acid as part of the solvent mixture was found to be crucial, with 
the yield of 8aa decreasing at lower proportions of this acid in the reaction mixtures (Scheme 
16). This effect could be partially mitigated when using mCPBA, presumably due to the 
increased medium acidity provided by the mCBA byproduct. 
O
CN
O CN
I
+
I
H
6a 7a 8aa
oxidant (1.6 equiv.)
CH2Cl2/CF3CO2H (0.25 M)room temp., 15 h
8aaCH2Cl2/
CF3CO2H
1 : 1
1.5 : 0.5
Oxone mCPBA
85%
67%
84%
84%
 
Scheme 16. The α-iodoarylation of 6a with 7a using different amounts of acid. 
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Hence, this preliminary work led us to an optimal set of conditions for the model reaction of 
2-cyanoketone 6a with iodobenzene 7a. These consist in using a 1:1 mixture of a halogenated 
solvent and CF3CO2H in the presence of Oxone® or mCPBA as terminal oxidants. 
With these conditions, the more challenging o-methyliodobenzene 7b was then tested. 
Unfortunately, low yields were recorded with either oxidant (Scheme 17). 
Scheme 17. The α-iodoarylation of 6a with 7b. 
A slight improvement (43% yield) was achieved by a slow addition (syringe pump) of a 
solution of mCPBA over 4 hours. After further experimentation, we discovered that a 65% 
yield of 8ab could be obtained using a protocol in which a second portion (0.5 equiv) of 
Oxone® was added after 2h; a related procedure was also developed for mCPBA (Scheme 
18). 
Scheme 18. The α-iodoarylation of 6a with 7b . 
2.3.2 Exploration of Substrate Scope of α-Iodoarylation of 2-Cyanoketone. 
With the “double addition” protocol established in Scheme 18, we went on to investigate the 
α-arylation of 2-cyanocyclohexanone with various iodoarenes, with an eye on those for 
which the corresponding hypervalent bis-trifluoroacetes may not be readily accessible (Table 
4). In the simplest examples, a second halogen substituent (F, Br, Cl) was well tolerated para 
and ortho to the iodine (products 8ac-8af). Iodoarenes with para Me, CH2OH, CHO and 
CO2Me substituents also underwent coupling (products 8ag-8aj), circumventing the need for 
the (hitherto) unknown alcohol- and aldehyde-bearing bis-trifluoroacete hypervalent species. 
Several new α-iodoaryl derivatives were now readily obtained, such as those bearing the 
para Ms, NO2, or CF3 groups (products 8ak-8am), the latter, for example, in a 73% yield. 
The use of 3,5-disubstituted ArI allowed for the formation of the α-arylketones 8ao featuring 
highly hindered quaternary carbon centers. While the yields are modest, the formation of 
such hindered centers in fact remains a largely unsolved challenge in the area of transition 
metal-catalyzed α-arylation literature. This highlights the ability of the new method to fill 
the gaps left by other approaches. As anticipated, although the coupling of the easily 
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oxidizable p-iodoanisole failed (the reaction turned to dark), the corresponding transfer of 
the acetyl, mesyl, and tosyl esters of the 4-iodophenol did afford the corresponding arylated 
products 8aq-8as (σp=+0.31, +0.34, and +0.29 for the OR groups, respectively) albeit in 
modest yields. In addition, a 37% yield was obtained for 4-(trifluoromethoxy) iodobenzene 
(8at). In the case of 1-bromo-3- iodobenzene, the coupling took place at the two ortho CH 
sites to iodine, giving the two regioisomers (8au and 8au´) in 3:1 ratio. 
Table 4. The α-iodoarylation of 2-cyanocyclohexane 6a with iodoarene 7.a 
 
For the bulky electron-deficient 1,3-dichloro-5-iodobenzene 7v, the alternative conditions 
with K2S2O8 as terminal oxidant was utilized to give the corresponding product 8av in 31% 
yield (Scheme 19). 
 Scheme 19. The α-iodoarylation of 2-Cyanoketone with 7t. 
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In addition, as shown in Table 5, the 5- and 7-membered cyclic cyanoketones were found to 
be suitable substrates (8ba, 8bl, 8ck). Finally, the iodoarylation of 2-cyanotetralone 6d 
delivered the arylated product 8da in 81% yield. 
Table 5. The α-iodoarylation of 2-Cyanocycloketone 6 with iodoarene 7.a  
 
Cyclic 1,3-diones (6e and 6f) were also tested, affording 2-(2´-iodophenyl)-1,3-diones 8ea 
and 8fa in 46% and 61%, respectively (75% and 65%, respectively were obtained with PIFA 
protocol, Scheme 20A). As shown in Scheme 20B,24 the newly generated 2-aryl-1,3-dione 
8ea represents an attractive building block that can be readily converted into a variety of 
targets, as has been confirmed in collaboration with Dr. L. Broomfield. Thus, a C=C double 
bond was readily installed by treatment with CuBr2 in MeOH,25 affording either the 2-aryl-
2-methylcyclopenten-1,3-dione 9 (76% yield) or its 4-bromo derivative 10 (67 %), 
depending on the amounts of the copper salt employed. Under basic conditions, the ring-
opening of 8ea with the –OH nucleophile afforded the 4-ketoacid 11 (90% yield) bearing an 
intact 2-iodophenyl fragment. Interestingly, the same reaction in the presence of catalytic 
amounts of a CuI–Fe2O3 mixture afforded 84% yield of the 3-methylbenzofuran-based acid 
12, likely via an initial Cu-catalyzed C-O coupling (intramolecular enolate O-arylation6b,26) 
followed by a base-promoted ring opening.  
Acyclic 2-methyl-3-oxo-3-phenylpropanenitrile 6g, which was less reactive in the α-
iodoarylation with the preformed PIFA (60 ℃, 48 h, in Table 2), furnishing the corresponding 
8ga in 49% at room temperature in 24 hours (Scheme 21).  
 
                                                              
(24) The synthetic versatility has been performed by Dr. Lewis Broomfield.  
(25) Walker, S. E.; Lamb, C. J. C.; Beattie, N. A.; Nikodemiak, P.; Lee, A. L. Chem. Commun. 2015, 51, 4089-
4092.  
(26) Aljaar, N.; Malakar, C. C.; Conrad, J.; Strobel, S.; Schleid, T.; Beifuss, U. J. Org. Chem. 2012, 77, 7793-7803.  
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Scheme 20. The α-iodoarylation of 1,3-diones and examples of the synthetic versatility of 
8ea. 
 
Scheme 21. The α-iodoarylation of acyclic 6g. 
2.3.3 Sulfate Effect of α-Iodoarylation of 2-Cyanoketone. 
For reactions involving Oxone®, i.e. the triple salt 2KHSO5·KHSO4·K2SO4, it was puzzling 
to observe that the formation of 8aa from iodobenzene was much faster (~1 hour) than when 
employing the preformed PhI(O2CCF3)2 (6 hours). This appeared counterintuitive, since the 
one-pot procedure would be expected to proceed, in the best case scenario, as fast as the one 
involving PIFA. After some experimentation, the difference between the two reactions was 
narrowed down to the presence of large amounts of various forms of potassium sulfate in 
Oxone®-based protocols, including KHSO4 and K2SO4 already present in the triple salt. To 
check whether these salts are involved in speeding up the arylation, the effect of several 
potassium salts and sulfate salts (0.5 equiv) was tested in the model arylation reaction using 
PhI(O2CCF3)2 (Table 6). The results indicate that while non-sulfate potassium salts were 
either irrelevant or downright detrimental (entries 2-5), virtually all inorganic sulfates led to 
a noticeable acceleration of the α-arylation (entries 6-10). In particular, an 80% yield of 8aa 
was obtained after just 2 h in the presence of 0.5 equiv. of K2SO4 (entry 6), as opposed to the 
6 hours required for the original salt-free protocol. 
Next, we briefly explored the effect of the sulfate loading on the rate of coupling using 
PhI(O2CCF3)2 (Figure 3). It indicated a significant rate acceleration in going from 0 equiv. 
to 0.5 equiv., although with no further rate benefit at higher sulfate loading. 
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Table 6. The α-iodoarylation of 2-cyanoketone with PIFA in the presence of salts. 
O
CN
6a
+
(CF3CO)2O (1.5 equiv.), additive (0.5 equiv.)
CH3CN/CF3CO2H (1:1), room temp
O CN
I
8aa
PIFA (1.25 equiv.)
I
F3CCO2
O2CCF3H
 
entry additive 45 mina 2ha entry additive 45 mina 2ha 
1 --- 32% 60%b 6 K2SO4 72% 80% 
2 KNO3 25% 26% 7 KHSO4 49% 55% 
3 K3PO4 0% 0% 8 Na2SO4 71% 72% 
4 KOCOCF3 13% 14% 9 NaHSO4 51% 52% 
5 NaOCOCF3 22% 26% 10 MgSO4 43% 74% 
a GC yield. b α-Iodoarylation continued proceeding after 2h. 
O
CN
6a
+
(CF3CO)2O (1.5 equiv.), K2SO4
CH3CN/CF3CO2H (1:1), room temp
O CN
I
8aaPIFA (1.25 equiv.)
I
F3CCO2
O2CCF3H
 
 Figure 3. Reaction profile of the α-iodoarylation with different amounts of K2SO4. 
Unfortunately, the exact role played by the sulfate in this system is still uncertain. Although 
the possibility of an iodonium sulfate intermediate was considered, no changes in the 1H 
NMR were observed when stirring a solution of PIFA with K2SO4. For now, our working 
hypothesis is that the sulfate anion helps accelerate the initial step of the reaction, in which 
the enol substrate substitutes a trifluoroacetate in the coordination sphere of the iodine. From 
a synthetic point of view, an interesting application of the sulfate acceleration is the arylation 
of the challenging acyclic 2-methyl-3-oxo-3-phenylpropanenitrile 6g with PhI(O2CCF3)2. 
While this reaction took 7 days at room temperature (2 days at 60 oC) with a 60% yield of 
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8ga, the addition of K2SO4 (0.5 equiv) allowed for the product to be obtained in just 18 h in 
70% yield (Scheme 22). 
Scheme 22. The α-iodoarylation of 6g with PIFA. 
Another interesting prospect is the possibility of complementing the in situ procedure with 
the use of ArI(OAc)2. These reagents can be prepared under very mild conditions (as 
described in later chapters), and show a much broader functional group tolerance when 
compared to the corresponding trifluoroacetates. As shown in Scheme 23A, the presence of 
K2SO4 allowed for the arylation of 2-cyanoketone was to be achieved in 69% yield using 
(diacetoxyiodo)benzene (PIDA) (only 23% of 8aa was obtained without K2SO4). What was 
even more interesting, the usage of the (diacetoxyiodo)(3-methoxybenzene) 13 in the 
presence of K2SO4 led to the formation of the two α-arylation products 8av and 8av’ in a 
good yield and good regioselectivity (Scheme 23B). It should be noted that 8av/8av’ could 
not be achieved neither from in situ hypervalent iodine generation or from pre-formed 
ArI(OCOCF3)2 protocol. 
 Scheme 23. The α-iodoaylation in the presence of K2SO4. 
2.3.4 DFT Calculation. 
For this “iodane-directed” C-H functionalization, a related [3,3] rearrangement was also 
proposed in propargylation and allylation (details will be described in Chapter 3). As 
described earlier, a series of ostensibly closely related C-H functionalizations through [3,3] 
rearrangement processes were also reported for arylsulfoxides.11,27 Focusing once again on 
the mechanism of the 2-iodoaryl transfer, our failure to observe the putative iodonium enolate 
intermediates by 1H NMR suggested that the rearrangement step might, in fact, be rather 
                                                              
(27) (a) Huang, X.; Patil, M.; Farès, C.; Thiel, W.; Maulide, N. J. Am. Chem. Soc. 2013, 135, 7312-7323. (b) 
Eberhart, A. J.; Imbriglio, J. E.; Procter, D. J. Org. Lett. 2011, 13, 5882-5885.  
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fast.28 To shed further light on this process, the mechanism was probed by DFT calculations. 
In particular, it was crucial to validate the feasibility of the key putative iodonio-[3,3] 
rearrangement step. Using the arylation of the 2-cyanocyclopentanone as a model system, 
we began by locating the corresponding iodonium O-enolate precursor. Thus, the cationic 
[PhI-enol]+ (Figure 4A) was found to lie 3.5 kcal mol-1 higher in energy than the precursors, 
with one of its the chair-like conformers (ca. 1 kcal mol-1 higher than the open form) 
prearranged for the [3,3] transition state (Figure 4A, TS; 1 imaginary frequency). This 
transition state gives rise to the protonated intermediate C at -7.1 kcal mol-1, which then 
yields the final (2-iodophenyl) product upon deprotonation. The overall reaction was found 
to be exergonic by 56 kcal mol-1. Although the C-enolate B lies 13 kcal mol-1 lower than the 
O-enolate, we believe that the key C-C bond formation occurs faster than the A-to-B 
tautomerization. Importantly, the activation barrier for the “neutral” pathway involving the 
TFA-bound A (Figure 4A, TS’) was found to be 12 kcal mol-1 higher in energy than for the 
cationic A, in line with the idea of the charge-accelerated rearrangement.28 For comparison, 
the activation barrier for a related iodonium-based ortho-allylation29 was also computed 
(Figure 4B). In this case, the reaction was proposed to proceed through an [Ar-I(allyl)]+ 
intermediate. A 6-membered chair-like cationic transition state was now located with an 
activation barrier of 8 kcal mol-1, and this value was further reduced to 4 kcal mol-1 for the 
ArI fragment substituted with a methoxy group para to the activated CH position, in 
agreement with the documented favorable reactivity at the position para to an electron-
donating group.30 A significantly higher barrier of 32 kcal mol-1 was calculated at the same 
DFT level for the classical Claisen rearrangement of the O-allyl phenol. The vanishingly 
small activation barrier in the rearrangement of the iodonium O-enolate A is in line with the 
notion that the slow step in the process might actually be the ligand exchange leading to the 
requisite iodonium O-enolate. 
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Figure 4. DFT reaction profile. 
                                                              
(28) Huang, X.; Klimczyk, S.; Maulide, N. Synthesis 2012, 44, 175-183.  
(29) (a) Lee, K.; Kim, D. Y.; Oh, D. Y. Tetrahedron Lett. 1988, 29, 667-668. (b) Ochiai, M.; Ito, T.; Takaoka, Y.; 
Masaki, Y. J. Am. Chem. Soc. 1991, 113, 1319-1323.  
(30) Khatri, H. R.; Zhu, J. Chem. Eur. J. 2012, 18, 12232-12236. 
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2.4 Conclusion 
In conclusion, we have demonstrated that a direct metal-free α-iodoarylation of 2-
cyanoketones with iodoarenes is possible, giving the arylated product with the iodine atom 
untouched ortho position to the new C-C bond. This new protocol relies on the key in situ 
generation of the hypervalent species with by Oxone® or mCPBA. In the case of Oxone®, 
this triple salt  appears to play a dual role in the process, serving as the oxidant in the 
hypervalent activation (via the persulfate KHSO5), and as promoter (via K2SO4) of the 
subsequent dehydrogenative C-C coupling. This work also reveals that the key coupling step, 
involving ArI(O2CCF3)2 or ArI(OAc)2, can be significantly accelerated by K2SO4. 
 
Scheme 12. The dual role of Oxone® in arylation. 
2.5 Experimental Section  
2.5.1 General Information 
Reagents. All commercially acquired reagents were used as received. Substrates 6 were 
prepared by the literature procedure.12 Some iodoarenes were synthesized by the 
literatures.31 
Reaction conditions. Reactions requiring inert atmosphere were conducted under nitrogen 
using standard Schlenk line techniques. All other reactions were performed employing 
standard organic synthesis protocols. 
Chromatography. Thin layer chromatography (TLC) was performed using Merck 
aluminiumbacked plates of TLC Silica gel 60 F254; the plates were revealed using UV light. 
Standard Flash Column chromatography was accomplished using silica gel (60 Å pore size, 
230-400 μm mesh size). Agilent 7890A or 6890 GC systems equipped with an FID detector 
was used for routine gas chromatography analyses. For quantitative analyses, mixtures were 
spiked with known quantities of mesitylene cyclohexanecarbonitrile, and the integration 
(peak area) results were corrected against these internal references using previously 
                                                              
(31) (a) Huang, S.-H.; Keith, J. M.; Hall, M. B.; Richmond, M. G. Organometallics 2010, 29, 4041-4057. (b) 
Orita, A.; Miyamoto, K.; Nakashima, M.; Ye, F.; Otera, J. Adv. Synth. Catal. 2004, 346, 767-776. (c) Frutos-
Pedreño, R.; González-Herrero, P.; Vicente, J.; Jones, P. G. Organometallics 2013, 32, 4664-4676. (d) Bull, S. R.; 
Palmer, L. C.; Fry, N. J.; Greenfield, M. A.; Messmore, B. W.; Meade, T. J.; Stupp, S. I. J. Am. Chem. Soc. 2008, 
130, 2742-2743. (e) Asakawa, T.; Linuma, M.; Wakasugi, Y.; Kuno, M.; Furuta, T.; Fujii, S.; Tanaka, K.; Kan, T. 
Heterocycle 2010, 80, 1125-1147. (f) Xu, S.; Chen, H.-H.; Dai, J.-J.; Xu, H.-J. Org. Lett. 2014, 16, 2306-2309.  
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determined GC response coefficients. Routine GC-MS measurements were recorded on an 
Agilent 7890B chromatograph equipped with an Agilent 5977A MSD detector. 
NMR. Spectra were recorded using Bruker Avance 400 or 500 MHz spectrometers (Nuclear 
Magnetic Resonance Unit, ICIQ). 1H and 13C chemical shifts are reported in ppm relative to 
tetramethylsilane, using residual proton and 13C resonances from solvent as internal 
standards. The 19F chemical shifts are reported in ppm relative to external CFCl3. 
Other analytical techniques. Infrared spectra were recorded using a Bruker Tensor 27 
instrument equipped with an ATR Golden Gate cell and a diamond window. High resolution 
mass spectra were determined at the ICIQ High Resolution Mass Spectrometry facility using 
a direct inlet system (ESI). The reaction monitored by the microcalorimeter is a SUPER 
CRC-250-2.4 from OMNICAL Technologies. 
2.5.2 Calorimetry Kinetic Profile on the ArI Oxidation 
Reaction procedure. Reactions were performed in an Omnical SuperCRC reaction 
calorimeter. The instrument contains an internal magnetic stirrer and a differential scanning 
calorimeter (DSC), which compares the heat released or consumed in a sample vessel to that 
of an empty reference vessel. The reaction vessels were 16 mL borosilicate screw-thread 
vials fit with opentop black phenolic screw caps and white PTFE septa charged with Teflon 
stir bars. In a typical calorimetry experiment, an oven-dried 16 mL vial was charged with 
Oxone (460.5 mg, 1.5 mmol) and 3600 μL of 1:3 mixture of CHCl3/CF3CO2H. The vial was 
then capped and placed in the calorimeter where the mixture was stirred (900 rpm) at 30 ℃. 
Simultaneously, one syringe containing a solution of the ArI (1.0 mmol) in 400 μL CHCl3 
was placed in the injection port of the calorimeter. After thermal equilibration at 30 ℃, the 
reaction was initiated by injecting the aryl iodide. The temperature of the DSC was held 
constant at 30 ℃ using the internal temperature controller in the calorimeter, ensuring that 
the reaction would proceed under isothermal conditions. A raw data curve was produced by 
measuring the heat flow from the sample vessel every three seconds during the reaction. The 
data was processed following exactly a protocol published elsewhere.32  
2.5.3 The α-Iodoarylation of 2-Cyanoketones with Iodoarenes 
 
General procedure A (for solid iodoarenes). For mCPBA, a 77% purity, determined by 
NMR, was used to calculate the reagent loading. A 10 mL tube was charged with ArI (0.5 
                                                              
(32) Singh, U. K.; Strieter, E. R.; Blackmond, D. G.; Buchwald, S. L. J. Am. Chem. Soc. 2002, 124, 14104-14114. 
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mmol), solvent (CH3NO2 or DCE, 1 mL) and a stir bar. Oxidant (Oxone® or mCPBA, 0.8 
mmol) was then added. After that, 2-cyanoketone (0.75 mmol) and CF3CO2H (1 mL) were 
injected via syringe respectively. The reaction was left stirring for an indicated time at room 
temperature (2 h for Oxone® or 4 h for mCPBA) before a second batch oxidant (Oxone® or 
mCPBA, 0.25 mmol) was added. The mixture was then stirred for another 2 h. The mixture 
was first filtered via celite and concentrated to move the solvents (CH3NO2 or DCE, and 
CF3CO2H) and then separated through silica gel column to get the product. 
General procedure B (for liquid iodoarenes). For mCPBA, a 77% purity, determined by 
NMR, was used to calculate the reagent loading. A 10 mL tube was charged with Oxidant 
(Oxone® or mCPBA, 0.8 mmol), solvent (CH3NO2 or DCE, 1 mL) and a stir bar. ArI (0.5 
mmol), 2-cyanoketone (0.75 mmol) and CF3CO2H (1 mL) were then injected via syringe 
respectively. The reaction was left stirring for an indicated time at room temperature (2 h for 
Oxone® or 4 h for mCPBA) before a second batch oxidant (Oxone® or mCPBA, 0.25 mmol) 
was added. The mixture was then stirred for another 2 h. The mixture was first filtered via 
celite and concentrated to move the solvents (CH3NO2 or DCE, and CF3CO2H) and then 
separated through silica gel column to get the product. 
8aa Following a modification of the general procedure A (omitting the second 
addition of oxidant), iodobenzene (0.5 mmol, 102 mg) was allowed to react 
with 2-oxocyclohexanecarbonitrile (0.6 mmol, 92.3 mg) and Oxone® (0.8 
mmol, 245 mg) in DCE (1 mL) and CF3CO2H (1 mL). Column chromatography: gradient: 
20:1 to 5:1 of Hexane/EtOAc; Rf = 0.23 in 10:1 of hexane/EtOAc. Colorless oil, yield: 82% 
(133 mg). 1H NMR (500 MHz, CDCl3) δ 7.96 (d, J = 7.9 Hz, 1H), 7.52 – 7.35 (m, 2H), 7.07 
– 7.03 (m, 1H), 3.03 (td, J = 14.0, 6.5 Hz, 1H), 2.73 – 2.49 (m, 3H), 2.40 – 2.15 (m, 2H), 
2.15 – 1.91 (m, 2H). 13C NMR (126 MHz, CDCl3) δ 200.72, 141.99, 137.12, 130.18, 129.08, 
128.60, 118.61, 98.82, 59.39, 39.85, 38.66, 27.06, 22.41. 
8ab Following the general procedure B, 2-iodotoluene (0.5 mmol, 109 mg) was 
allowed to react with 2-oxocyclohexanecarbonitrile (1.0 mmol, 123 mg) and 
Oxone® (0.8 + 0.25 mmol, 245 + 76.7 mg) in DCE (1 mL) and CF3CO2H (1 
mL). Column chromatography: gradient 20:1 to 5:1 of cyclohexane : EtOAc; Rf 
= 0.5 in 4:1 of hexane/EtOAc). Oil, yield: 65% (110 mg). 1H NMR (400 MHz, CDCl3) δ 7.36 
– 7.27 (m, 2H), 7.21 (dd, J = 7.3, 2.2 Hz, 1H), 3.12 (td, J = 13.3, 6.1 Hz, 1H), 2.72 – 2.57 
(m, 3H), 2.53 (s, 3H), 2.44 – 2.20 (m, 2H), 2.16 – 1.92 (m, 2H). 13C NMR (126 MHz, CDCl3) 
δ 201.87 (C=O), 144.38, 138.20, 130.26, 128.50, 126.42, 119.29 (CN), 107.05 (C-I), 60.61, 
40.11, 39.51, 30.89, 27.79, 22.67. 
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8ac Following a modification of the general procedure A, 4-
bromoiodobenzene (0.5 mmol, 142 mg) was allowed to react with 2-
oxocyclohexanecarbonitrile (1 mmol, 123 mg), and Oxone® (0.8 + 0.25 
mmol, 245 + 77 mg) in DCE (1 mL) and CF3CO2H (1 mL). Column chromatography: 
gradient 20:1 to 10:1 of hexane/EtOAc; Rf = 0.29 in 10:1 of cyclohexane/EtOAc. Solid, yield: 
58% (117 mg). 1H NMR (400 MHz, CDCl3) δ 7.82 (d, J = 8.4 Hz, 1H), 7.52 (d, J = 2.3 Hz, 
1H), 7.21 (dd, J = 8.4, 2.3 Hz, 1H), 3.07 (td, J = 13.7, 6.1 Hz, 1H), 2.73 – 2.58 (m, 2H), 2.59 
– 2.49 (m, 1H), 2.40 – 2.19 (m, 2H), 2.17 – 2.09 (m, 1H), 2.05 – 1.91 (m, 1H). 13C NMR 
(126 MHz, CDCl3) δ 200.28 (C=O), 143.24, 139.22, 133.34, 132.24, 123.15, 118.19 (CN), 
97.13 (C-I), 59.11, 39.89, 38.77, 27.38, 22.48. 
8ad Following the general procedure A, 1-chloro-4-iodobenzene (1.0 mmol, 
238 mg) was exposed to a mixture of 2-oxocyclohexanecarbonitrile (1.5 
mmol, 184 mg), and Oxone® (1.6 + 0.5 mmol, 491 + 154 mg) in CH3NO2 (2 
mL) and CF3CO2H (2 mL). Column chromatography: gradient 20:1 to 5:1 of hexane/EtOAc; 
Rf = 0.5 in 5:1 of hexane/EtOAc. Light yellow solid, yield: 63% (227 mg). 1H NMR (500 
MHz, CDCl3) δ 7.89 (d, J = 8.4 Hz, 1H), 7.39 (d, J = 2.4 Hz, 1H), 7.07 (dd, J = 8.4, 2.4 Hz, 
1H), 3.08 (td, J = 13.6, 6.1 Hz, 1H), 2.67 (dddd, J = 14.0, 4.5, 2.9, 1.5 Hz, 1H), 2.64 – 2.60 
(m, 1H), 2.56 (td, J = 12.7, 3.7 Hz, 1H), 2.40 – 2.20 (m, 2H), 2.17 – 2.08 (m, 1H), 1.99 (tdt, 
J = 13.2, 9.0, 4.3 Hz, 1H).13C NMR (126 MHz, CDCl3) δ 200.36 (C=O), 143.08 (CH), 139.04 
(C), 135.33 (C), 130.44, 129.55, 118.27 (CN), 96.23 (C-I), 59.26, 39.97, 38.84, 27.44, 22.56. 
HRMS (ESI+) m/z calcd for C13H11NClINaO [M+Na]+ 381.9466, found: 381.9454. 
8ae Following a modification of the general procedure B (omitting the 
second addition of oxidant), the 1-fluoro-4-iodobenzene (0.5 mmol, 111 mg) 
was allowed to react with 2-oxocyclohexanecarbonitrile (0.75 mmol, 92 mg) 
and Oxone® (1.6 equiv, 0.8 mmol, 245 mg) in a mixture of CH3NO2 (1 mL) and CF3CO2H 
(1 mL). Column chromatography: gradient 20:1 to 5:1 of hexane/EtOAc; Rf = 0.5 in 5:1 of 
hexane/EtOAc. Colorless solid, yield: 49% (82.7 mg). 1H NMR (400 MHz, CDCl3) δ 7.91 
(dd, J = 8.7, 5.8 Hz, 1H), 7.17 (dd, J = 10.0, 2.9 Hz, 1H), 6.83 (ddd, J = 8.7, 7.5, 2.9 Hz, 1H), 
3.06 (td, J = 13.7, 6.0 Hz, 1H), 2.62-2.50 (m, 3H), 2.38-2.18 (m, 2H), 2.16-2.07 (m, 1H), 
1.98 (qt, J = 8.8, 4.0 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 200.26 (C=O), 162.91 (d, J = 
249.4 Hz), 143.19 (d, J = 7.6 Hz), 139.35 (d, J = 7.6 Hz), 118.21 (CN), 117.47 (d, J = 21.4 
Hz), 117.17 (d, J = 24.0 Hz), 91.92 (d, J = 3.7 Hz, C-I), 59.16, 39.87, 38.68, 27.32, 22.43. 
19F NMR (376 MHz, CDCl3) δ 112.2 ppm. HRMS (ESI+) m/z calcd for C13H11NFINaO 
[M+Na]+ 365.9762, found: 365.9751. 
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8af Following the general procedure B, 1-bromo-2-iodobenzene (1 mmol, 98% 
pure, 288.6 mg) a mixture of 2-oxocyclohexanecarbonitrile (1.5 mmol, 184 mg), 
and Oxone® (1.6 + 0.5 mmol, 491.2 + 153.5 mg) in CH3NO2 (2 mL) and 
CF3CO2H (2 mL). Column chromatography: gradient 20:1 to 5:1 of 
hexane/EtOAc; Rf = 0.26 in 5:1 of cyclohexane/EtOAc. Colorless solid, yield: 59% (237 mg). 
1H NMR (500 MHz, CDCl3) δ 7.68 (dd, J = 7.6, 1.9 Hz, 1H), 7.36 – 7.16 (m, 2H), 3.09 (td, 
J = 13.5, 6.1 Hz, 1H), 2.68 – 2.59 (m, 2H), 2.56 (td, J = 12.8, 3.7 Hz, 1H), 2.41 – 2.27 (m, 
1H), 2.27-2.20 (m, 1H), 2.12 (dddd, J = 14.5, 7.4, 3.4, 1.7 Hz, 1H), 2.00 (qt, J = 13.0, 4.0 
Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 201.22 (C=O), 140.89, 133.93, 133.18, 129.72, 
127.41, 118.88 (CN), 107.70 (C-I), 61.30, 40.08, 39.54, 27.63, 22.66. HRMS (ESI+) m/z 
calcd for C13H11NBrINaO [M+Na]+ 425.8961, found: 425.8948. 
8ag Following the general procedure A, 4-iodotoluene (0.5 mmol, 109 mg) 
was allowed to react with 2-oxocyclohexanecarbonitrile (1.0 mmol, 92 mg) 
and Oxone® (0.8 + 0.25 mmol, 245 + 76.7 mg) in DCE (1 mL) and CF3CO2H 
(1 mL). Column chromatography: gradient 20:1 to 5:1 of cyclohexane/EtOAc; Rf = 0.27 in 
10:1 of hexane/EtOAc. Yellowish oil, yield: 59% (100 mg). 1H NMR (500 MHz, CDCl3) δ 
7.83 (d, J = 8.0 Hz, 1H), 7.29 (d, J = 2.1 Hz, 1H), 6.89 (ddd, J = 8.0, 2.1, 0.8 Hz, 1H), 3.02 
(ddd, J = 14.4, 13.0, 6.1 Hz, 1H), 2.72 – 2.62 (m, 2H), 2.58 – 2.54 (m, 1H), 2.34 (s, 3H), 
2.39 – 2.25 (m, 1H), 2.23 – 2.18 (m, 1H), 2.15 – 2.09 (m, 1H), 2.04 (tdd, J = 13.1, 8.8, 4.1 
Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 200.88 (C=O), 141.88, 138.88, 136.99, 131.19, 
130.34, 118.80 (CN), 94.51 (C-I), 59.44, 39.98, 38.72, 26.85, 22.55, 21.22. HRMS (ESI+) 
m/z calcd for C14H14NINaO [M+Na]+ 362.0012, found: 362.0024. IR (ATR) υ (cm-1) 2960, 
2940, 2864, 2226 (CN), 1726 (C=O), 1448, 1120, 1014, 815. 
8ah Following a modification of the general procedure A (omitting the 
second batch of oxidant), 4-iodobenzyl alcohol (0.5 mmol, 117 mg) was 
exposed to a mixture of 2- oxocyclohexanecarbonitrile (0.75 mmol, 92 
mg), and Oxone® (0.8 mmol, 245.6 + 77 mg) in DCE (1 mL) and 
CF3CO2H (1 mL). Column chromatography: gradient 10:1 to 2:1 of hexane : EtOAc; Rf = 
0.17 in 3:1of hexane/EtOAc. Colorless oil, yield: 31% (55 mg). 1H NMR (500 MHz, CDCl3) 
δ 7.94 (d, J = 8.0 Hz, 1H), 7.44 (d, J = 2.0 Hz, 1H), 7.06 (dd, J = 8.0, 2.0 Hz, 1H), 4.66 (s, 
2H, CH2OH), 3.05 (ddd, J = 14.1, 13.1, 6.1 Hz, 1H), 2.74 – 2.55 (m, 3H), 2.42 – 1.93 (m, 
4H), 1.71 (br s, 1H). 13C NMR (126 MHz, CDCl3) δ 201.16 (C=O), 142.19, 141.90, 137.35, 
128.66, 127.66, 118.73 (CN), 97.34 (C-I), 64.31, 59.54, 40.01, 38.86, 27.25, 22.57. HRMS 
(ESI+) m/z calcd for C14H14INNaO2 [M+Na]+ 377.9961, found: 377.9960. IR (ATR) υ (cm-
1) 3421 (br, OH), 2928, 2866, 2232 (CN), 1727 (C=O), 1447, 1261, 1119. 1014, 818. 
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8ai Following the general procedure A, 4-iodobenzaldehyde (1.0 mmol, 
232 mg) was allowed to react with 2-oxocyclohexanecarbonitrile (1.5 
mmol, 185 mg) and mCPBA (1.6 + 0.5 mmol, 359 + 112 mg) in DCE (2 
mL) and CF3CO2H (2 mL). Column chromatography: gradient 10:1 to 1:1 
of cyclohexane/EtOAc; Rf = 0.7 in 1:1 of cyclohexane/EtOAc. Product obtained as a solid, 
yield: 52% (184 mg). 1H NMR (400 MHz, CDCl3) δ 9.99 (s, 1H), 8.21 (d, J = 8.0 Hz, 1H), 
7.85 (d, J = 1.9 Hz, 1H), 7.55 (dd, J = 8.0, 1.9 Hz, 1H), 3.15 (td, J = 13.5, 6.1 Hz, 1H), 2.75 
(dq, J = 13.0, 3.2 Hz, 1H), 2.71 – 2.63 (m, 1H), 2.59 (td, J = 16.0, 4 Hz, 1H), 2.46 – 2.25 (m, 
2H), 2.20 – 2.13 (m, 1H), 1.98 (qt, J = 13.3, 4.2 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 
200.61 (C=O keto), 190.83 (CH=O), 143.16, 138.60, 136.34, 130.94, 128.90, 118.27 (CN), 
107.79 (C-I), 59.33, 39.94, 39.08, 27.93, 22.56. HRMS (ESI+) m/z calcd for C14H12INNaO2 
[M+Na]+ 375.9805, found: 375.9792. IR (ATR) υ (cm-1) 3062, 2972, 2945, 2921, 2846, 2240 
(CN), 1734 (C=O), 1684 (C=O), 1585, 1444, 1224, 1009, 827, 790. 
8aj Following a modification of the general procedure A (omitting a 
second batch of oxdiant), methyl 4-iodobenzoate (0.5 mmol, 97% pure, 
135 mg) was allowed to react with 2-oxocyclohexanecarbonitrile (0.6 
mmol, 74 mg), and mCPBA (0.8 mmol, 179 mg) in DCM (1 mL) and 
CF3CO2H (1 mL). Column chromatography: gradient 20:1 to 5:1 of cyclohexane/EtOAc; Rf 
= 0.29 in 5:1 of Cyclohexane/EtOAc. Solid, yield: 64% (123 mg). 1H NMR (500 MHz, 
CDCl3) δ 8.09 (d, J = 8.2 Hz, 1H), 8.00 (d, J = 2.0 Hz, 1H), 7.70 (dd, J = 8.2, 2.0 Hz, 1H), 
3.91 (s, 3H), 3.13 (td, J = 13.3, 6.1 Hz, 1H), 2.83 – 2.69 (m, 1H), 2.67 – 2.62 (m, 1H), 2.58 
(td, J = 12.9, 3.7 Hz, 1H), 2.44 – 2.31 (m, 1H), 2.31 – 2.23 (m, 1H), 2.19 – 2.10 (m, 1H), 
1.96 (qt, J = 13.0, 4.5 Hz). 13C NMR (126 MHz, CDCl3) δ 200.77 (C=O keto), 166.04 (C=O 
ester), 142.42, 137.73, 130.83, 130.66, 129.56, 118.39 (CN), 105.84 (C-I), 59.31, 52.61, 
39.91, 39.11, 28.00, 22.53. 
8ak Following the general procedure A, a mixture of 2-
oxocyclohexanecarbonitrile (0.75 mmol, 92 mg), 1-iodo-4- 
(methylsulfonyl)benzene (0.5 mmol, 141 mg) and mCPBA (0.8 + 0.25 mmol, 
179 + 56 mg) in CH3NO2 (1 mL) and CF3CO2H (1 mL). Column 
chromatography: gradient 20:1 to 6:1 of cyclohexane/EtOAc; Rf = 0.22 in 2:1 of 
hexane/EtOAc. Colorless solid, yield: 80% (160 mg). 1H NMR (500 MHz, CDCl3) δ 8.23 
(d, J = 8.2 Hz, 1H), 7.86 (d, J = 2.2 Hz, 1H), 7.63 (dd, J = 8.2, 2.1 Hz, 1H), 3.16 (td, J = 13.4, 
6.1 Hz, 1H), 3.07 (s, 3H), 2.81 – 2.72 (m, 1H), 2.69 – 2.65 (m ,1H), 2.55 (td, J = 12.9, 3.6 
Hz, 1H), 2.46 – 2.34 (m, 1H), 2.34 – 2.25 (m, 1H), 2.20 – 2.15 (m, 1H), 1.96 (qt, J = 13.3, 
4.3 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 200.38 (C=O), 143.36, 141.26, 139.19, 128.66, 
127.24, 117.91 (CN), 107.11 (C-I), 59.35, 44.64, 39.93, 39.10, 28.09, 22.52. HRMS (ESI+) 
O CN
I
CHO
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m/z calcd for C14H14NINaO3S [M+Na]+ 425.9625, found: 425.9631. IR (ATR) υ (cm-1) 2955, 
2936, 2866, 2227 (CN), 1730 (C=O), 1308 (S=O), 1144 (S=O), 964, 774, 543. 
8al Following the general procedure A, 1-iodo-4-nitrobenzene (1 mmol, 
249 mg) was allowed to react with 2-oxocyclohexanecarbonitrile (1.5 
mmol, 184 mg) and mCPBA (1.6 + 0.5 mmol, 359 + 112 mg) in CH3NO2 
(2 mL) and CF3CO2H (2 mL). Column chromatography: gradient 20:1 to 
6:1 of cyclohexane/EtOAc; Rf = 0.26 in 7.5:1 of cyclohexane/EtOAc. Colorless solid, yield: 
54% (199 mg). 1H NMR (500 MHz, CDCl3) δ 8.23 (dd, J = 8.6, 0.8 Hz, 1H), 8.19 (d, J = 2.6 
Hz, 1H), 7.94 (ddd, J = 8.6, 2.6, 0.8 Hz, 1H), 3.19 (td, J = 13.3, 6.1 Hz, 1H), 2.81 (dq, J = 
12.7, 3.1 Hz, 1H), 2.68 (dddd, J = 13.2, 4.3, 2.7, 1.3 Hz, 1H), 2.56 (td, J = 12.9, 3.5 Hz, 1H), 
2.44 (qt, J = 13.1, 3.8 Hz, 1H), 2.38 – 2.30 (m, 1H), 2.21 (dt, J = 14.5, 3.7 Hz, 1H), 1.97 (qt, 
J = 13.4, 4.3 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 200.24 (C=O), 148.28, 143.25, 139.35, 
124.54, 123.48, 117.83 (CN), 108.31 (C-I), 59.24, 39.93, 39.22, 28.27, 22.58. HRMS (ESI+) 
m/z calcd for C13H11N2INaO3 [M+Na]+ 392.9707, found: 392.9698. 
8am Following the general procedure B, 4-iodobenzotrifluoride (0.5 mmol, 
96% pure, 142 mg) was submitted to a mixture of 2-
oxocyclohexanecarbonitrile (0.75 mmol, 92 mg), and Oxone® (0.8 + 0.25 
mmol, 245 + 76.7 mg) in CH3NO2 (1 mL) and CF3CO2H (1 mL). Column chromatography: 
gradient 20:1 to 10:1 of hexane/EtOAc; Rf = 0.27 in 10:1 of hexane/EtOAc. White solid, 
yield: 73% (144 mg). 1H NMR (500 MHz, CDCl3) δ 8.14 (d, J = 8.2 Hz, 1H), 7.60 (d, J = 
2.2 Hz, 1H), 7.33 (dd, J = 8.2, 2.1 Hz, 1H), 3.13 (td, J = 13.6, 6.1 Hz, 1H), 2.75-2.65 (m, 
2H), 2.58 (td, J = 12.9, 3.7 Hz, 1H), 2.38 (dtt, J = 14.4, 12.9, 3.9 Hz, 1H), 2.33 – 2.24 (m, 
1H), 2.16 (dm, J = 14 Hz, 1H), 1.99 (qt, J = 13.3, 4.2 Hz, 1H). 13C NMR (126 MHz, CDCl3) 
δ 200.32 (C=O), 142.81, 138.46, 131.23 (q, J = 33.2 Hz, C-CF3), 126.83 (q, J = 3.6 Hz), 
125.51 (q, J = 3.8 Hz), 123.67 (q, J = 272.6 Hz, CF3), 118.12 (CN), 103.84 (C-I), 59.36, 
39.92, 38.89, 27.66, 22.53. 19F NMR (376 MHz, CDCl3) δ 63.02 ppm. HRMS (ESI+) m/z 
calcd for C14H11NF3INaO [M+Na]+ 415.9730, found: 415.9744. IR (ATR) υ (cm-1) 2964, 
2934, 2873, 2227 (CN), 1725 (C=O), 1326, 1179, 1129, 1073, 1015, 834. 
8an Following the general procedure A, a mixture of 2-
oxocyclohexanecarbonitrile (1.5 mmol, 185 mg), 2-iodo-N, N-
dimethylbenzamide (1.0 mmol, 275 mg) and mCPBA (1.6 + 0.5 mmol, 359 + 
112 mg) in CH3NO2 (2 mL) and CF3CO2H (2 mL). Column chromatography: 
gradient 10:1 to 1:4 of cyclohexane/EtOAc; Rf = 0.26 in 1:2 of cyclohexane/EtOAc. Yield: 
24% (93 mg). 
The NMR spectra reveal a mixture of two conformers, possibly the result of the hindered 
rotation around the Ar-CO bond adjacent to the iodine group. 
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1H NMR (500 MHz, CDCl3) δ 7.55 (dd, J = 7.9, 1.6 Hz, 0.55H), 7.47 (q, J = 7.6 Hz, 1H), 
7.29 – 7.24 (m, 0.45H), 7.20 (ddd, J = 9.2, 7.5, 1.6 Hz, 1H), 3.21 (td, J = 13.0, 6.0 Hz, 0.45H), 
3.11 (s, 1.35H), 3.11 (s, 1.65H), 2.95 – 2.89 (m, 0.55H), 2.85 – 2.77 (m, 1H), 2.81 (s, 1.35H), 
2.81 (s, 1.65H), 2.76 – 2.69 (m, 1H), 2.62 – 2.58 (m, 0.45H), 2.49 - 2.39 (m, 1H) 2.35 – 2.19 
(m, 1H), 2.19 – 2.07 (m, 2H), 1.95 – 1.85 (m, 0.55H). 13C NMR (126 MHz, CDCl3, 328K) δ 
201.25 (C=O), 199.85 (C=O), 170.96 (NC=O), 146.68, 146.48, 139.14, 138.46, 129.73, 
129.42, 129.19, 128.28, 127.21, 127.13, 118.64 (CN), 118.52 (CN), 98.91, 96.59, 60.39, 
59.84, 39.97, 39.76, 38.48, 38.36, 34.89, 29.78, 28.56, 27.09, 25.78, 22.66, 22.59 HRMS 
(ESI+) m/z calcd for C16H17IN2NaO2 [M+Na]+ 419.0227, found: 419.0222. 
8ao Following the general procedure B, 1-iodo-3,5-dimethylbenzene (0.5 
mmol, 116 mg) was exposed to a mixture of 2-oxocyclohexanecarbonitrile 
(0.75 mmol, 92 mg) and Oxone® (0.8 + 0.25 mmol, 245.6 + 77 mg) in DCE 
(1 mL) and CF3CO2H (1 mL). Column chromatography: gradient 20:1 to 
5:1 of hexane/EtOAc; Rf = 0.34 in 10:1 of cyclehexane/EtOAc. Solid, yield: 57% (100 mg). 
1H NMR (500 MHz, CDCl3) δ 7.65 (br s, 1H), 7.00 (br s, 1H), 2.90 – 2.83 (m, 1H), 2.81 – 
2.76 (m, 1H), 2.74 – 2.67 (m, 1H), 2.65 (s, 3H), 2.56 – 2.51 (m, 1H), 2.37 – 2.16 (m, 2H), 
2.28 (s, 3H), 2.11 – 2.03 (m, 2H). 13C NMR (75 MHz, CDCl3) δ 201.00 (C=O), 141.36, 
139.44, 139.05, 134.00, 133.85, 119.34 (CN), 98.60 (C-I), 58.36, 39.19, 36.85, 23.99, 23.58, 
21.37, 20.07. HRMS (ESI+) m/z calcd for C15H16INNaO [M+Na]+ 376.0169, found: 
376.0167. IR (ATR) υ (cm-1) 2945, 2925, 2856, 2223 (CN), 1715 (C=O), 1597, 1451, 1119, 
863. 
8aq Following the general procedure A, 4-iodophenylacetate (1.0 mmol, 
262 mg) was allowed to react with 2-oxocyclohexanecarbonitrile (1.5 mmol, 
185 mg) and mCPBA (1.6 + 0.5 mmol, 359 + 112 mg) in DCE (2 mL) and 
CF3CO2H (2 mL). Column chromatography: gradient 10:1 to 3:1 of hexane/EtOAc; Rf = 0.3 
in 3:1 of cyclohexane/EtOAc. Solid, yield: 49% (189 mg). 1H NMR (500 MHz, CDCl3) δ 
7.96 (d, J = 8.5 Hz, 1H), 7.21 (d, J = 2.7 Hz, 1H), 6.90 (dd, J = 8.5, 2.6 Hz, 1H), 3.04 (ddd, 
J = 14.1, 13.1, 6.1 Hz, 1H), 2.74 – 2.54 (m, 3H), 2.29 (s, 3H, Me), 2.40 – 2.20 (m, 2H), 2.17 
– 1.93 (m, 2H). 13C NMR (126 MHz, CDCl3) δ 200.16 (C=O keto), 168.75 (C=O OAc), 
151.10, 142.69, 138.54, 123.58, 122.96, 118.28 (CN), 94.19 (C-I), 59.23, 39.85, 38.59, 27.03, 
22.41, 21.10. HRMS (ESI+) m/z calcd for C15H14INNaO3 [M+Na]+ 405.9911, found: 
405.9898. IR (ATR) υ (cm-1) 2959, 2924, 2869, 2853, 2233 (CN), 1755 (C=O), 1727 (C=O), 
1450, 1192, 1172, 1015, 881. 
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8ar Following the general procedure A, 4-iodophenyl methanesulfonate 
(1.0 mmol, 298 mg) was allowed to react with a mixture of 2-
oxocyclohexanecarbonitrile (1.5 mmol, 185 mg), and mCPBA (1.6 + 0.5 
mmol, 359 + 112 mg) in DCE (2 mL) and CF3CO2H (2 mL). Column 
chromatography: gradient 10:1 to 2:1 of cyclehexane/EtOAc; Rf = 0.29 in 1:2 of 
cyclohexane/EtOAc. Solid, yield: 49% (205 mg). 1H NMR (500 MHz, CDCl3) δ 8.00 (d, J = 
8.6 Hz, 1H), 7.30 (d, J = 2.8 Hz, 1H), 7.05 (dd, J = 8.6, 2.7 Hz, 1H), 3.15 (s, 3H), 3.07 (td, J 
= 13.4, 6.1 Hz, 1H), 2.71 – 2.59 (m, 2H), 2.53 (td, J = 12.8, 3.7 Hz, 1H), 2.38 – 2.19 (m, 2H), 
2.18 – 2.04 (m, 1H), 1.96 (qt, J = 13.2, 4.2 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 200.25, 
149.45, 143.30, 139.47, 123.64, 123.21, 118.12, 96.87, 59.18, 39.89, 38.78, 37.83, 27.54, 
22.43. HRMS (ESI+) m/z calcd for C14H14INNaO4S [M+Na]+ 441.9580, found: 441.9589. 
IR (ATR) υ (cm-1) 2959, 2930, 2868, 2234 (CN), 1727 (C=O), 1454, 1334 (S=O), 1261, 
1146 (S=O), 1019, 911, 787. 
8as Following the general procedure A, 4-iodophenyl 4-
methylbenzenesulfonate (1.0 mmol, 187 mg) was allowed to react with 2-
oxocyclohexanecarbonitrile (1.5 mmol, 185 mg) and mCPBA (1.6 + 0.5 
mmol, 359 + 112 mg) in CH3NO2 (2 mL) and CF3CO2H (2 mL). Column 
chromatography: gradient 20:1 to 4:1 of hexane/EtOAc; Rf = 0.18 in 5:1 of hexane/EtOAc. 
Solid, yield: 49% (123 mg). 1H NMR (500 MHz, CDCl3) δ 7.88 (d, J = 8.6 Hz, 1H), 7.67 (d, 
J = 8.4 Hz, 2H), 7.32 (d, J = 8.1 Hz, 2H), 6.90 (d, J = 2.8 Hz, 1H), 6.74 (dd, J = 8.6, 2.7 Hz, 
1H), 3.03 (td, J = 13.4, 6.0 Hz, 1H), 2.67 – 2.57 (m, 1H), 2.46 – 2.44 (m, 1H), 2.43 (s, 3H), 
2.37 (td, J = 12.7, 3.4 Hz, 1H), 2.33 – 2.17 (m, 2H), 2.11 – 2.02 (m, 1H), 1.92 (qt, J = 13.0, 
4.3 Hz, 1H). 13C NMR (126 MHz, CDCl3) δ 200.14 (C=O), 149.93, 146.05, 142.93, 138.94, 
131.62, 130.04, 128.66, 124.15, 123.67, 117.99 (CN), 96.71 (C-I), 59.02, 39.83, 38.72, 27.60, 
22.38, 21.77. HRMS (ESI+) m/z calcd for C20H18INNaO4S [M+Na]+ 517.9893, found: 
517.9918. IR (ATR) υ (cm-1) 2953, 2939, 2919, 2849, 2227 (CN), 1735 (C=O), 1448, 1340 
(S=O), 1175 (S=O), 809, 743. 
8at Following the general procedure B, 1-iodo-4-(trifluoromethoxy) 
benzene (1.0 mmol, 288 mg) was allowed to react with a mixture of 2-
oxocyclohexanecarbonitrile (1.5 mmol, 185 mg), 1-iodo-4-
(trifluoromethoxy)benzene (1.0 mmol, 288 mg) and Oxone® (1.6 + 0.5 
mmol, 491.2 + 154 mg) in CH3NO2 (2 mL) and CF3CO2H (2 mL). Column chromatography: 
gradient 20:1 to 5:1 of cyclohexane/EtOAc; Rf = 0.24 in 10:1 of cyclohexane/EtOAc. Solid, 
yield: 37% (153 mg). 1H NMR (500 MHz, CDCl3) δ 8.00 (d, J = 8.6 Hz, 1H), 7.26 (d, J = 
2.5 Hz, 1H), 6.98 (ddq, J = 8.6, 2.4, 1.2 Hz, 1H), 3.09 (td, J = 13.6, 6.1 Hz, 1H), 2.73 – 2.59 
(m, 2H), 2.55 (td, J = 12.8, 3.7 Hz, 1H), 2.34 (qt, J = 12.7, 4.0 Hz, 1H), 2.29 – 2.21 (m, 1H), 
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2.15-2.10 (m ,1H), 2.04 – 1.92 (m, 1H). 13C NMR (126 MHz, CDCl3) δ 200.08 (C=O), 
149.58 (q, J = 2.1 Hz), 143.16, 139.39, 122.27, 122.13, 120.22 (q, J = 259.3 Hz, CF3), 118.05 
(CN), 95.93 (C-I), 59.14, 39.84, 38.69, 27.38, 22.41. 19F NMR (376 MHz, CDCl3) δ -58.0 
ppm. HRMS (ESI+) m/z calcd for C14H11F3INNaO2 [M+Na]+ 431.9679, found: 431.9682. IR 
(ATR) υ (cm-1) 2950, 2927, 2872, 2855, 2227 (CN), 1738 (C=O), 1450, 1163, 1019, 819. 
Following the general procedure B, 1-bromo-3-iodobenzene 
(0.5 mmol, 142 mg) was allowed to react with 2-
oxocyclohexanecarbonitrile (0.75 mmol, 92 mg), and Oxone® 
(0.8 + 0.25 mmol, 245 + 767 mg) in DCE (1 mL) and CF3CO2H 
(1 mL). Column chromatography: gradient 30:1 to 10:1 of cyclohexane/EtOAc. Combined 
yield: 60% (123 mg, 3:1). 10au: Rf = 0.15 in 10:1 of cyclohexane/EtOAc. 10au´: Rf = 0.17 
in 10:1 of cyclohexane/EtOAc. 10au: 1H NMR (500 MHz, CDCl3) δ 8.14 (d, J = 2.1 Hz, 
1H), 7.56 (dd, J = 8.4, 2.1 Hz, 1H), 7.29 (d, J = 8.5 Hz, 1H), 3.06 (ddd, J = 14.0, 13.3, 6.1 
Hz, 1H), 2.68 (dddd, J = 14.1, 4.4, 2.9, 1.5 Hz, 1H), 2.61 – 2.56 (m, 2H), 2.38 – 2.28 (m, 
1H), 2.28 – 2.20 (m, 1H), 2.17 – 2.09 (m, 1H), 2.00 (qt, J = 13.2, 4.2 Hz, 1H). 13C NMR (126 
MHz, CDCl3) δ 200.37 (C=O), 144.10, 136.40, 131.78, 130.16, 123.53, 118.35 (CN), 99.49 
(C-I), 59.12, 39.91, 38.81, 27.24, 22.57. 10au´: 1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 
7.9 Hz, 1H), 7.62 (d, J = 8.0 Hz, 1H), 6.81 (t, J = 8.0, 1H), 2.99 – 2.90 (ddd, J = 16.4, 13.9, 
7.1 Hz, 1H), 2.87 – 2.67 (m, 2H), 2.54 (t, J = 12.7 Hz, 1H), 2.33 – 1.93 (m, 4H). 
8av1,3-dichloro-5-iodobenzene (0.5 mmol, 137 mg) was exposed to a 
mixture of 2-oxocyclohexanecarbonitrile (0.75 mmol, 92 mg) and K2S2O8 
(0.8 mmol, 218 mg) in H2SO4 (3 mmol, 166 μL) and CH3NO2 (2 mL). 
Column chromatography: gradient 20:1 to 10:1 of hexane/EtOAc; Rf = 0.34 
in 10:1of hexane/EtOAc. Oil, yield: 31% (60 mg). 1H NMR (500 MHz, CDCl3) δ 7.93 (d, J 
= 2.3 Hz, 1H), 7.44 (d, J = 2.2 Hz, 1H), 3.08-2.86 (m, 1H), 2.78 (dm, J = 17 Hz, 1H), 2.71 
(d, J = 9.7Hz, 1H), 2.48 (t, J = 14.0 Hz, 1H), 2.29-1.97 (m, 4H). 13C NMR (126 MHz, CDCl3) 
δ 199.51 (C=O), 141.06, 135.26, 134.35, 131.68, 117.44 (CN), 97.28 (CI), 59.5 (br), 38.55, 
36.20, 23.99, 21.26. HRMS (ESI+) m/z calcd for C13H10Cl2INNaO [M+Na]+ 415.9076, found: 
415.9093. IR (ATR) υ (cm-1) 2957, 2889, 2859, 2219 (CN), 1716 (C=O), 1530, 1369, 1113, 
838, 733. 
8ba Following a modification of the general procedure B (omitting the second 
batch of oxidant) iodobenzene (1 mmol, 204 mg) was allowed to react with a 
mixture of 2- oxocyclopentanecarbonitrile (1.2 mmol, 131 mg) and Oxone® 
(1.6 mmol, 491. mg) in DCE (2 mL) and CF3CO2H (2 mL). Column 
chromatography: gradient 10:1 to 3:1 of cyclohexane/EtOAc; Rf = 0.33 in 3:1 of 
cyclohexane/EtOAc. Oil, yield: 53% (164 mg). 1H NMR (400 MHz, CDCl3) δ 7.96 (dd, J = 
O CN
I
8au Br
+
O CN
I
8au´
Br
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7.9, 1.4 Hz, 1H), 7.60 (dd, J = 7.9, 1.6 Hz, 1H), 7.41 (td, J = 7.6, 1.4 Hz, 1H), 7.05 (td, J = 
7.7, 1.6 Hz, 1H), 3.02 (ddd, J = 13.5, 10.2, 7.1 Hz, 1H), 2.91 – 2.77 (m, 1H), 2.77 – 2.60 (m, 
2H), 2.44 – 2.19 (m, 2H). 13C NMR (126 MHz, CDCl3) δ 207.14 (C=O), 142.73, 135.84, 
131.09, 130.49, 128.80, 117.54 (CN), 95.21 (C-I), 58.88, 37.93, 36.77, 19.86. HRMS (ESI+) 
m/z calcd for C12H10NINaO [M+Na]+ 333.9699, found: 333.9695. 
8al Following the general procedure A, 1-iodo-4-(methylsulfonyl) 
benzene (0.5 mmol, 124.5 mg) was allowed to react with a mixture of 2-
oxocycloheptanecarbonitrile (0.75 mmol, 81.8 mg) and Oxone® (0.8 + 0.25 
mmol, 246 + 77 mg) in CH3NO2 (1 mL) and CF3CO2H (1 mL). Column 
chromatography: gradient 10:1 to 1:1 of cyclohexane/EtOAc; Rf = 0.2 in 4:1 of 
cyclohexane/EtOAc. Colorless solid, yield: 64% (113 mg). 1H NMR (400 MHz, CDCl3) δ 
8.45 (d, J = 2.6 Hz, 1H), 8.19 (d, J = 8.6 Hz, 1H), 7.91 (dd, J = 8.6, 2.6 Hz, 1H), 2.98 (ddd, 
J = 13.7, 10.6, 7.3 Hz, 1H), 2.87 – 2.71 (m, 3H), 2.53 – 2.28 (m, 2H). 13C NMR (126 MHz, 
CDCl3) δ 205.47, 148.24, 143.95, 138.06, 125.65, 124.65, 116.51, 103.45, 58.78, 37.79, 
36.36, 19.90. HRMS (ESI-) m/z calcd for C12H8IN2O3 [M-H]+ 354.9585, found: 354.9581. 
8ck Following the general procedure A, 1-iodo-4-(methylsulfonyl) 
benzene (0.5 mmol, 141 mg) was allowed to react with a mixture of 2-
oxocycloheptanecarbonitrile (0.75 mmol, 103 mg) and Oxone® (0.8 + 0.25 
mmol, 246 + 77 mg) in DCE (1 mL) and CF3CO2H (1 mL). Column 
chromatography: gradient 5:1 to 1:1 of cyclohexane/EtOAc; Rf = 0.27 in 1:1 of 
cyclohexane/EtOAc. Yield: 50% (105 mg). 1H NMR (500 MHz, CDCl3) δ 8.20 (d, J = 8.2 
Hz, 1H), 7.90 (d, J = 2.1 Hz, 1H), 7.62 (dd, J = 8.2, 2.1 Hz, 1H), 3.71 – 3.60 (m, 1H), 3.08 
(s, 3H), 2.81 (dt, J = 14.2, 8.7 Hz, 1H), 2.68 – 2.61 (m, 1H), 2.26 – 2.23 (m, 1H), 2.16 – 1.98 
(m, 5H), 1.27 – 1.24 (m, 1H). 13C NMR (126 MHz, CDCl3) δ 202.87 (C=O), 143.14, 141.81, 
141.06, 128.63, 127.43, 118.03 (CN), 107.08 (C-I), 60.48, 44.70, 43.36, 36.65, 26.38, 26.34, 
21.45. HRMS (ESI+) m/z calcd for C15H16INNaO3S [M+Na]+ 439.9788, found: 439.9786. 
8da Following the general procedure B, iodobenzene (0.55 mmol, 112.2 
mg) was allowed to react with a mixture of 1-oxo-1,2,3,4-
tetrahydronaphthalene-2-carbonitrile (0.825 mmol, 141.2 mg), and Oxone® 
(0.88 + 0.275 mmol, 270.2 + 84.4 mg) in DCE (1.1 mL) and CF3CO2H (1.1 
mL). Column chromatography: gradient 10:1 to 5:1 of cyclohexane/EtOAc; Rf = 0.48 in 4:1 
of cyclohexane/EtOAc. Solid, yield: 81% (167 mg). 1H NMR (400 MHz, CDCl3) δ 8.21 (dd, 
J = 7.9, 1.4 Hz, 1H), 7.95 (dd, J = 7.8, 1.3 Hz, 1H), 7.80 (dd, J = 7.9, 1.6 Hz, 1H), 7.60 (td, 
J = 7.5, 1.4 Hz, 1H), 7.50 – 7.39 (m, 2H), 7.33 (d, J = 7.7 Hz, 1H), 7.07 (td, J = 7.7, 1.6 Hz, 
1H), 3.63 – 3.43 (m, 2H), 3.11 (dt, J = 16.3, 3.6 Hz, 1H), 2.41 (dt, J = 13.2, 4.4 Hz, 1H). 13C 
NMR (101 MHz, CDCl3) δ 187.9, 142.7, 142.0, 138.1, 134.8, 132.2, 131.1, 130.3, 129.2, 
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129.1, 128.9, 127.7, 117.4, 95.3, 57.9, 33.8, 26.7. HRMS (ESI+) m/z calcd for C17H13INO 
[M+H]+ 374.0036, found: 374.0041. 
8ea Following the general procedure B, iodobenzene (1 mmol, 204 mg) was 
allowed to react with a mixture of 2-methylcyclopentane-1,3-dione (1.5 mmol, 
168.2 mg), and Oxone® (1.6 + 0.5 mmol, 491.2 + 153.5 mg) in DCE (2 mL) 
and CF3CO2H (2 mL). Column chromatography: gradient 10:1 to 1:1 of cyclohexane/EtOAc; 
Rf = 0.45 in 1:1 of cyclohexane/EtOAc. Solid, yield: 46% (145 mg). 1H NMR (500 MHz, 
CDCl3) δ 7.84 (d, J = 7.9Hz, 1H), 7.44 (t, J = 7.7Hz, 1H), 7.33 (d, J = 7.9Hz, 1H), 7.06 (t, J 
= 7.6Hz, 1H), 3.09 (d, J = 4.2 Hz, 4H), 1.60 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 212.60 
(C=O), 141.67, 140.38, 131.10, 130.13, 128.48, 99.89 (C-I), 67.24 (Cq), 35.96, 20.92. 
HRMS (ESI+) calcd m/z for C12H11INaO2 [M+Na]+ 336.9696, found: 336.9689. IR (ATR) ν 
(cm-1) 1751, 1708 (strong, C=O asym), 1460, 1410, 1164, 1070, 764. 
8fa Following the general procedure B, iodobenzene (0.5 mmol, 102 mg) was 
allowed to react with a mixture of 2-methylcyclohexane-1,3-dione (0.6 mmol, 
75.7 mg), and Oxone® (1.6 + 0.5 mmol, 491.2 + 153.5 mg) in CH3NO2 (1 mL) 
and CF3CO2H (1 mL). Column chromatography: gradient 10:1 to 3:1 of cyclohexane/EtOAc; 
Rf = 0.33 in 3:1 of cyclohexane/EtOAc. Solid, yield: 61% (50 mg). 1H NMR (500 MHz, 
CDCl3) δ 7.87 (dd, J = 7.8, 1.4 Hz, 1H), 7.41 (td, J = 7.5, 1.5 Hz, 1H), 7.25 (dd, J = 7.9, 1.6 
Hz, 1H), 7.03 (td, J = 7.5, 1.5 Hz, 1H), 2.98 – 2.82 (m, 4H), 2.42 (dtt, J = 13.9, 9.4, 5.9 Hz, 
1H), 2.07 (dp, J = 14.0, 6.1 Hz, 1H), 1.75 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 208.13 
(C=O), 143.07, 140.97, 130.28, 129.44, 128.40, 100.51 (C-I), 74.60 (Cq), 38.02, 23.44, 18.34. 
HRMS (ESI+) m/z calcd for C13H13INaO2 [M+Na]+ 350.9852, found: 350.9853. 
8ga Following a modification of the general procedure B (omitting the 
second batch of oxidant) iodobenzene (0.6 mmol, 122.4 mg) was allowed 
to react with a mixture of 2-methyl-3-oxo-3-phenylpropanenitrile (0.5 
mmol, 79.6 mg) and Oxone® (0.8 mmol, 245.6 mg) in DCE (1 mL) and 
CF3CO2H (1 mL). Column chromatography: gradient 20:1 to 10:1 of cyclohexane/EtOAc; 
Rf = 0.5 in 10:1 of cyclohexane/EtOAc. Oil, yield: 49% (88 mg). 1H NMR (500 MHz, CDCl3) 
δ 7.94 – 7.77 (m, 4H), 7.54 – 7.44 (m, 2H), 7.34 – 7.29 (m, 2H), 7.03 (td, J = 7.7, 1.6 Hz, 
1H), 2.16 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 191.60 (C=O), 142.70, 139.28, 134.29, 
133.55, 130.28, 129.91, 129.27, 128.76, 128.37, 119.65 (CN), 96.19 (C-I), 55.06, 24.82. 
A 10 mL Schlenk tube was charged with 
(mMeOC6H4)I(O2CCH3)2 (0.625 mmol, 220.1 mg), K2SO4 
(0.25 mmol, 43.5 mg) and a stirbar. CH3CN (1 mL) and 
F3CCOOH (1 mL) were added, followed by the addition of 2-
cyanocyclohexanone (0.5 mmol, 61.6 mg). After stirring during 1h at room temperature, an 
O
I
Me
O
O CN
I
8av
+
O CN
I
8av´
OMe
OMe
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aliquot was analysed by GC-MS. The solvent was then evaporated and the crude product was 
purified by column chromatography (gradient 20:1 to 5:1 of cyclohexane/EtOAc) Rf = 0.27 
in 10:1 of hexane/EtOAc. Yield: 88% (78.1 mg, 11:1). 8av: 1H NMR (500 MHz, CDCl3) δ 
7.52 (d, J = 2.7 Hz, 1H), 7.29 (d, J = 8.8 Hz, 1H), 6.92 (dd, J = 8.7, 2.7 Hz, 1H), 3.78 (s, 3H), 
3.03 (td, J = 13.3, 6.0 Hz, 1H), 2.63 (dt, J = 14.1, 3.8 Hz, 1H)2.60 – 2.52 (m, 2H), 2.34 – 
2.24 (m, 1H), 2.24 – 2.15 (m, 1H), 2.08 (dt, J = 14.4, 3.8 Hz, 1H), 2.01 – 1.93 (m, 1H). 13C 
NMR (126 MHz, CDCl3) δ 201.37 (C=O), 159.59, 129.33, 128.99, 127.68, 118.97, 113.86 
(CN), 99.07 (C-I), 58.67, 55.61, 39.82, 39.10, 27.47, 22.50. 8av´: 1H NMR (500 MHz, CDCl3) 
δ 7.60 (dd, J = 7.5, 1.6 Hz, 1H), 6.96 – 6.94 (m, 2H), 3.76 (s, 3H), 3.64 – 3.59 (m, 2H), 2.83 
– 2.77 (m, 1H), 2.73 – 2.70 (m, 1H), 2.55 – 2.49 (m, 2H), 1.58 – 1.50 (m, 2H). 
2.5.4 The Synthetic Versatility of 8ea 
9 8ea (120 mg, 0.38 mmol) was added to a solution of CuBr2 (0.19 g, 0.85 
mmol) in anhydrous MeOH (4 mL). The resulting black suspension was heated 
in a closed-screw-top reaction vessel at 70 ℃ for 16 h. Complete consumption 
of the starting material was observed after 16h by TLC. At this point, the mixture was 
observed as an orange-brown solution with a white-crystalline precipitate. The reaction 
mixture was then cooled and exposed to column chromatography on silica gel. Gradient 10:1 
to 4:1 of cyclohexane:EtOAc, Rf = 0.37 (4:1 cyclohexane:EtOAc). Yellow needles, yield 76% 
(91 mg) 1H NMR (400 MHz, CDCl3) δ 7.83 (dd, J = 7.5, 1.0 Hz, 1H, Ar), 7.51 – 7.40 (m, 
2H, Ar), 7.31 (s, 2H, CH), 7.03 (ddd, J = 7.9, 6.2, 2.8 Hz, 1H, Ar), 1.71 (s, 3H, CH3). 13C 
NMR (101 MHz, CDCl3) δ 204.51 (C=O), 147.16 (CH), 141.47 (Ar CH), 139.36 (ipso-Ar), 
131.66 (Ar CH), 130.17 (Ar CH), 128.54 (Ar CH), 97.55 (ipso-Ar), 60.10 (Cq), 23.13 (CH3). 
HRMS (ESI+) calcd m/z for C12H9INaO2 [M+Na]+ 334.9539, found: 350.9543. IR (ATR) ν 
(cm-1) 1728, 1694, 1457, 1259, 1188, 1026, 840, 766, 753. 
10, 8ea (120 mg, 0.38 mmol) was added to a solution of CuBr2 (380 mg, 
1.70 mmol) in anhydrous MeOH (4 mL). The resulting black suspension 
was heated in a closed-screw-top reaction tube at 90 ℃ for 16 h. At this 
point, the reaction mixture was observed as an orange-brown solution with white crystals. 
The reaction mixture was then cooled, filtered and exposed to column chromatography: silca 
gel, cyclohexane:EtOAc 20:1 (Rf = 0.52, cyclohexane:EtOAc = 3:1). Yellow crystals, yield 
= 121 mg. The product is identified to be 82 % pure by NMR (18 % of the product is with 
halogen exchange bromo for iodo on aryl ring). Yield calcd for target product: 67%. 1H NMR 
(400 MHz,CDCl3) δ 7.84 (dt, J = 7.8, 0.8 Hz, 1H, Ar), 7.52 (s, 1H, BrCCH), 7.45 (d, J = 4.0 
Hz, 2H, Ar), 7.05 (dt, J = 7.8, 4.5 Hz, 1H, Ar), 1.75 (s, 3H, CH3). 13C NMR (101 MHz, 
CDCl3) δ 200.27 (CO), 196.83 (CO), 147.61 (ipso-Ar), 146.61 (Ar CH), 141.46 (Ar CH), 
138.81 (CBr), 131.55 (Ar CH), 130.44 (Ar CH), 128.60 (Ar CH), 97.38 (ipso-Ar CI), 60.66 
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(Cq), 22.81 (CH3). HRMS (ESI+) calcd m/z for C12H8BrINaO2 [M+Na]+ 412.8645, found: 
412.8660. IR (ATR) ν (cm-1) 1745, 1697, 1564, 1238, 1077, 1006, 854, 746. 
11, 8ea (25 mg, 0.08 mmol) was dissolved in EtOH (0.7 mL); NaOH 
(7.3 mg, 0.18 mmol, dissolved in 0.5 mL of water) was added to the 
solution. The resulting red suspension was heated to 90 °C and left to 
stir overnight in a pressure-proof reaction tube. The reaction mixture was transferred to a 
separatory funnel, washed with EtOAc, acidified (20% HCl in water) to pH of approx. 3 and 
extracted in CH2Cl2. On leaving the solvent to slowly evaporate, colourless plates are 
observed, which were suitable for X-ray diffraction. Colourless plates, yield 90% (24 mg).  
1H NMR (500 MHz, CDCl3) δ 7.88 (dd, J = 8.0, 1.3 Hz, 1H, Ar), 7.32 (app. td, J = 7.5, 1.3 
Hz, 1H, Ar), 7.09 (dd, J = 7.8, 1.7 Hz, 1H, Ar), 6.96 (ddd, J = 7.9, 7.3, 1.7 Hz, 1H, Ar), 4.22 
(q, J = 6.9 Hz, 1H, CH), 2.77-2.47 (m, 4H), 1.37 (d, J = 6.9 Hz, 3H, CH3). 13C NMR (101 
MHz, CDCl3) δ 208.22 (COketo), 177.76 (COOH), 143.53 (ipso-Ar), 140.13 (CH), 129.17 
(CH), 129.15 (CH), 128.00 (CH), 101.99 (C-I), 56.67 (CH), 36.09 (CH2), 27.94 (CH2), 17.10 
(CH3). HRMS (ESI-) calcd m/z for C12H12IO3 [M-H]- 330.9837, found: 330.9835. IR (ATR) 
ν (cm-1) 1703, 1561, 1451, 1367, 1011. 
12, 8ea (79 mg, 0.25 mmol) was dissolved in EtOH (1.5 mL). CuI (4.8 
mg, 0.025 mmol), Fe2O3 (4 mg, 0.025 mmol), and NaOH (22 mg, 0.55 
mmol in 2 mL of water) were added. The resulting red suspension was 
heated to 90 °C and allowed to stir overnight in a pressure-proof reaction tube. The reaction 
mixture was then cooled to rt., transferred to a separatory funnel and washed with EtOAc (2 
x 10 mL). The aqueous phase was then acidified with 20 % HCl (aq) and extracted with 
CH2Cl2 (3 x 30 mL). Column chromatography: silca gel, cyclohexane:EtOAc 10:1 to 1:1 (Rf 
= 0.19 cyclohexane:EtOAc 3:1). Colourless crystals (suitable for x-ray diffraction), yield: 
84% (43 mg). 1H NMR (500 MHz, CDCl3) δ 7.45–7.42 (m, 1H, Ar), 7.40–7.36 (m, 1H, Ar 
CH), 7.26–7.18 (m, 2H, Ar), 3.08 (t, J = 7.5 Hz, 2H, CH2), 2.81 (t, J = 7.5 Hz, 2H, CH2), 
2.19 (s, 3H, CH3). 13C NMR (126 MHz, CDCl3) δ 178.80 (COOH), 154.07 (C), 151.59 (C), 
130.30 (C), 123.63 (CH), 122.26 (CH), 119.05 (CH), 110.80 (C), 110.78 (CH), 32.46 (CH2), 
21.60 (CH2), 7.97 (CH3). HRMS (ESI-) calcd m/z for C12H11O3 [M-H]- 203.0714, found: 
203.0714. 
2.5.5 Crystal Data and Structure Refinement Details 
Crystal Data for 8bl 
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Crystal data and structure refinement for mo_ASH136_0m. 
_____________________________________________________________________ 
Identification code   mo_ASH136_0m 
Empirical formula   C12H9IN2O3 
Formula weight    356.11 
Temperature    100(2) K 
Wavelength    0.71073 Å 
Crystal system    Monoclinic 
Space group    P21/m 
Unit cell dimensions   a = 9.0853(8)Å  = 90°. 
b = 6.8991(6)Å  = 110.225(2)°. 
c = 10.1219(9)Å  = 90°. 
Volume     595.33(9) Å3 
Z     2  
Density (calculated)   1.987 Mg/m3 
Absorption coefficient   2.691 mm-1 
F(000)     344 
Crystal size    0.35 x 0.30 x 0.04 mm3 
Theta range for data collection  2.144 to 32.537°. 
Index ranges    -7<=h<=13,-10<=k<=10,-15<=l<=13 
Reflections collected   9349 
Independent reflections   2194[R(int) = 0.0575] 
Completeness to theta =32.537°  94.700005% 
Absorption correction   Empirical 
Max. and min. transmission  0.900 and 0.507 
Refinement method   Full-matrix least-squares on F2 
Data / restraints / parameters  2194/ 20/ 139 
Goodness-of-fit on F2   1.082 
Final R indices [I>2sigma(I)]  R1 = 0.0330, wR2 = 0.0779 
R indices (all data)   R1 = 0.0373, wR2 = 0.0806 
Largest diff. peak and hole  2.140 and -1.106 e.Å-3 
 
Crystal Data for 8ea 
Crystal data and structure refinement for mo_ASH107_0m. 
_____________________________________________________________________ 
Identification code   mo_ASH107_0m 
Empirical formula   C12H11IO2 
Formula weight    314.11 
Temperature    100(2) K 
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Wavelength    0.71073 Å 
Crystal system    Monoclinic 
Space group    P2(1)/c 
Unit cell dimensions   a = 9.6328(15)Å  = 90°. 
b = 7.7594(12)Å  = 100.808(4)°. 
c = 15.447(3)Å  = 90°. 
Volume     1134.1(3) Å3 
Z     4 
Density (calculated)   1.840 Mg/m3 
Absorption coefficient   2.800 mm-1 
F(000)     608 
Crystal size    0.45 x 0.35 x 0.30 mm3 
Theta range for data collection  2.152 to 32.524°. 
Index ranges    -14<=h<=14,-8<=k<=11,-23<=l<=21 
Reflections collected   15906 
Independent reflections   3823[R(int) = 0.0228] 
Completeness to theta =32.524°  92.7% 
Absorption correction   Empirical 
Max. and min. transmission  0.487 and 0.351 
Refinement method   Full-matrix least-squares on F2 
Data / restraints / parameters  3823/ 0/ 170 
Goodness-of-fit on F2   1.078 
Final R indices [I>2sigma(I)]  R1 = 0.0176, wR2 = 0.0400 
R indices (all data)   R1 = 0.0195, wR2 = 0.0407 
Largest diff. peak and hole  0.482 and -0.614 e.Å-3 
 
Crystal Data for 9 
Crystal data and structure refinement for LB430. 
_____________________________________________________________________ 
Identification code  LB430 
Empirical formula  C12H9IO2 
Formula weight   312.09 
Temperature   100(2) K 
Wavelength   0.71073 Å 
Crystal system   Monoclinic 
Space group   Pc 
Unit cell dimensions  a = 12.259(3)Å  = 90°. 
b = 7.3509(16)Å  = 106.589(4)°. 
c = 12.927(3)Å  = 90°. 
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Volume    1116.4(4) Å3 
Z    4 
Density (calculated)  1.857 Mg/m3 
Absorption coefficient  2.844 mm-1 
F(000)    600 
Crystal size   0.20 x 0.20 x 0.20 mm3 
Theta range for data collection 2.771 to 39.450°. 
Index ranges   -20<=h<=21,-13<=k<=13,-21<=l<=22 
Reflections collected  19411 
Independent reflections  10726[R(int) = 0.0441] 
Completeness to theta =39.450° 93.6% 
Absorption correction  Empirical 
Max. and min. transmission 0.600 and 0.462 
Refinement method  Full-matrix least-squares on F2 
Data / restraints / parameters 10726/ 2/ 273 
Goodness-of-fit on F2  1.043 
Final R indices [I>2sigma(I)] R1 = 0.0975, wR2 = 0.2487 
R indices (all data)  R1 = 0.0983, wR2 = 0.2493 
Flack parameter   x =0.099(16) 
Largest diff. peak and hole 7.351 and -3.031 e.Å-3 
 
Crystal Data for 12 
Crystal data and structure refinement for mo_LB450A_B_0m. 
_____________________________________________________________________ 
Identification code  mo_LB450A_B_0m 
Empirical formula  C12H12O3 
Formula weight   204.22 
Temperature   100(2) K 
Wavelength   0.71073 Å 
Crystal system   Triclinic 
Space group   P-1 
Unit cell dimensions  a = 5.2765(2)Å  = 104.1884(15)°. 
b = 13.8122(6)Å  = 90.3484(15)°. 
c = 14.5167(7)Å  = 92.7317(15)°. 
Volume    1024.37(8) Å3 
Z    4 
Density (calculated)  1.324 Mg/m3 
Absorption coefficient  0.095 mm-1 
F(000)    432 
Crystal size   0.08 x 0.04 x 0.02 mm3 
UNIVERSITAT ROVIRA I VIRGILI 
HYPERVALENT IODINE AS DIRECTING TOOL IN IODINE-RETENTIVE TRANSFORMATION OF C-H BONDS 
Yichen Wu 
 
 62 
 
Theta range for data collection 1.523 to 27.178°. 
Index ranges   -6<=h<=5,-16<=k<=17,-18<=l<=14 
Reflections collected  9895 
Independent reflections  4374[R(int) = 0.0418] 
Completeness to theta =27.178° 96.0% 
Absorption correction  Empirical 
Max. and min. transmission 0.998 and 0.753 
Refinement method  Full-matrix least-squares on F2 
Data / restraints / parameters 4374/ 2/ 280 
Goodness-of-fit on F2  1.030 
Final R indices [I>2sigma(I)] R1 = 0.0508, wR2 = 0.1136 
R indices (all data)  R1 = 0.0739, wR2 = 0.1251 
Largest diff. peak and hole 0.355 and -0.245 e.Å-3 
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Chapter 3 
Regioselective Iodane-Directed C-H Alkylation of 
Hypervalent Iodoarene Cores 
Target 
Exploring a novel approach to the 
construction of alkylated 
iodoarene cores via oxidative C-H 
functionalization.  
Tool 
Regioselective iodane-directed 
transition metal-free C-H 
functionalization. 
3.1 Introduction 
3.1.1 The ortho C-H Alkylation Directed by Hypervalent Iodine Species and Related 
Transformation 
Organic λ3-iodanes are most commonly employed in oxidative transformation in which the 
iodine atom expelled as part of an organoiodine byproduct. Nevertheless, alternative 
reactivity patterns, discussed in Chapter 2, demonstrate an alternative usage of aryl λ3-
iodanes whereby the [ArI] fragment is retained in the final product via a CAr-H coupling. In 
fact, the iodane group in such cases served as a directing group that induced the formation 
of a new carbon-carbon bond selectively ortho to the iodine. In fact, precedents for this class 
of reactivity can be traced back to a 1988 report by Oh and coworkers, who in the course of 
a study on the umpolung allylation of arenes using hypervalent iodine oxidants, observed the 
formation of the o-allyliodobenzene 1 (up to 36%) as a side product when using the 
PhIO/BF3·Et2O combination (Scheme 1). A“stable six membered-ring transition state” 
(original transition state drawing in rectangle) was proposed as the intermediate to explain 
the regioselective formation of 1.1 
Scheme 1. Discovery of ortho-allylation with organic λ3-iodane. 
Shortly after, Ochiai and coworkers reported a new transformation in which o-
                                                              
(1) Lee, K.; Kim, D. Y.; Oh, D. Y. Tetrahedron Lett. 1988, 29, 667-668.  
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propargyliodobenzene 2 was constructed by treating a combination of PhI(OAc)2/BF3·Et2O 
with propargyltrimethylsilane (Scheme 2).2 The reaction was assumed to begin with the 
activation of the hypervalent iodine group by BF3·Et2O, followed by propargyl transfer to 
give an allenyl(aryl)iodinane A. This species was then proposed to undergo a [3,3] 
sigmatropic rearrangement via a 6-membered iodine-containing transition state, producing, 
upon rearomatization, the final product 2. This new reactivity manifold, which the authors 
named “iodonio-Claisen rearrangement”, was further supported by the lack of reactivity of 
non-hypervalent iodoarenes in competition with a differentiated aryl λ3-iodane.  
 Scheme 2. Reductive propargylation regioselectively at the ortho position. 
The formation of the key intermediate A was likely the result of the initial π-coordination of 
the alkyne to the electrophilic iodine(III) center, with the β-silicon effect possibly 
contributing to the facile desilylation to form the allenyl moiety (Scheme 3). The β-silicon 
stabilization proposed here is a known phenomenon in organosilicon chemistry, referring to 
the stabilization of a positive charge in the β position to silicon atom, usually attributed to a 
hyperconjugation orbital overlap (in some cases, induction effects of the electropositive 
silicon might also assist in stabilizing β positive charge).3 
IAcO
-silicon stabilization
R
SiMe3
I+
R
SiMe3
AcO
SiMe3
hyperconjugation
IAcO
R
•
A
+
 Scheme 3. A possible β-silicon stabilization in the formation of the allenyliodonium λ3-
iodanes. 
In the case of the ArI(OAc)2 substrate with both ortho positions blocked, the method 
produced a mixture of the m-propargylated product 3 and the (de-iodinated) ipso derivative 
4 (Scheme 4). In this case, the intermediate B obtained upon the [3,3] rearrangement is unable 
to undergo rearomatization, and was instead proposed to undergo a [1,2] shift to give either 
3 (meta propargylation) or 4 (ipso-propargylation/de-iodination). In fact, the proportion of 
the ipso-substituted product 4 could be increased for substrates bearing the π-donor methoxy 
                                                              
(2) Ochiai, M.; Ito, T.; Takaoka, Y.; Masaki, Y. In J. Am. Chem. Soc.; American Chemical Society: 1991; Vol. 113, 
p 1319-1323.  
(3) (a) Lambert, J. B. Tetrahedron 1990, 46, 2677-2689. (b) Lambert, J. B.; Zhao, Y.; Emblidge, R. W.; Salvador, 
L. A.; Liu, X.; So, J.-H.; Chelius, E. C. Acc. Chem. Res. 1999, 32, 183-190.  
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group para to the iodane even in cases when an ortho C-H position was available. Further 
investigation revealed solvent basicity also affect the ortho/ipso selectivity of the product.4  
IAcO
Me Me
R
IMe Me
R
Me Me
R
I
Me
- H+
- I+ MeMeMe
R R
ipso meta
34
I
Me Me
R
OAcAcO SiMe3
[3,3]
- -OAc
[1,2]
rearomatization[1,2]
- -OAc
rearomatization
B
I
 Scheme 4. Propargylation with ortho positions blocked ArI(OAc)2. 
The same authors noted that the allenyl(aryl)iodinane A could evolve through two competing 
pathways. Specifically, in addition to the [3,3] sigmatropic rearrangement manifold already 
discussed, the intermediate A could also suffer an attack by the external nucleophile, with 
the [ArI] fragment acting as a leaving group.5 The overall reaction outcome is thus governed 
in each case by the leaving group ability of [ArI] fragment, with a more favorable 
nucleophilic attack observed for electron-deficient λ3-iodanes. For example, in the reaction 
of propargylsilanes with (diacetoxyiodo)-3-nitrobenzene in isopropanol, the nucleophilic 
attack by the alcohol led to the exclusive formation of the 3-isopropoxyprop-1-yne 5. In 
contrast, switching to the unsubstituted (diacetoxyiodo)benzene led the propargylated 
iodoarenes 2 as the major product (Scheme 5). These results are fully consistent with a much 
greater the leaving ability of the [m-NO2C6H4I] fragment (approximately 16-fold) than that 
of the [PhI] (also refer to the discussion in Chapter 1). 
This concept was further extended by Zhu and coworkers to the ortho-allylation of 
ArI(OAc)2 using allyltrimethylsilane in the presence of BF3·Et2O (Scheme 6).6 In this 
reaction, an electron-donating groups (such as -OMe) at the aromatic C3 position was 
indispensable to ensure the [3,3] sigmatropic rearrangement. Best yields were achieved for 
reactions conducted in a CH3CN/CH2Cl2 mixture, in which CH3CN was suggested to 
stabilize the I(III) intermediate. Furthermore, the mechanism of the reaction was probed 
using deuterated (E)-allyldimethylphenylsilane. The test led to the formation of the ortho-
allylated product 6-d1 with deuterium scrambled between the E and the Z positions, 
supporting a double allylic inversion (via an allyl intermediate C) and consistent with the 
                                                              
(4) Ochiai, M.; Ito, T. J. Org. Chem. 1995, 60, 2274-2275.  
(5) Ochiai, M.; Kida, M.; Okuyama, T. Tetrahedron Lett. 1998, 39, 6207-6210. 
(6) Khatri, H. R.; Zhu, J. Chem. Eur. J. 2012, 18, 12232-12236.  
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[3,3] sigmatropic rearrangement. 
 Scheme 5. Nucleophilic substitution versus [3,3] sigmatropic rearrangement. 
 
Scheme 6. Reductive allylation regioselectively at the ortho position. 
In line with the preference of electron-rich aromatic systems, the authors reported a highly 
efficient allylation of iodothiophene cores starting with either (diacetoxyiodo)-2-thiophene 
or (diacetoxyiodo)-3-thiophene (93% and 97% yield, respectively). The latter allylated 
product served as precursor for the concise formal synthesis of Plavix® (clopidogrel), a blood 
clot inhibitor used to reduce the risk of heart attack and stroke. (Scheme 7).7 
Scheme 7. Heterocycle ortho allylation in the synthesis of Plavix®. 
When discussing the iodane-directed ortho alkylations, it is important not to overlook the 
presence of acid additives such as BF3·Et2O. As discussed in Chapter 1, our research into the 
                                                              
(7) Nguyen, H.; Khatri, H. R.; Zhu, J. Tetrahedron Lett. 2013, 54, 5464-5466. 
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role of these additives (BF3·Et2O and TMSOTf) provided spectroscopic and structural 
evidence for the long-postulated weakening of one of the I-L bonds, enhancing the reactivity 
of the I(III) center. In fact, for the ortho proprgylation manifold, similar results were obtained 
using either the classical PhI(OAc)2 – BF3·Et2O mixture or the isolated adducts 
[PhIOAc][OAc·BF3] or PhI(OAc)(OTf) (Scheme 8).8 
 
Scheme 8. Additive effect on ortho propargylation of organic λ3-iodane. 
Meanwhile a seeming parallel chemistry was being uncovered with arylsulfoxide reagents, 
ushering a new C-C bond formation ortho to reduced sulfur atom. The early research by 
Kita9 and Padwa10 showed that the anhydride-activated aryl sulfoxide or sulfilimines 
underwent C-H functionalizations with carbon nucleophiles (allyltin or acetylacetone) 
exclusive ortho to the sulphur atom (Scheme 9). 
Scheme 9. Ortho functionalization of the aryl sulphur(IV) reagents. 
Recently, the groups of Maulide and Procter extended this chemistry towards a more general 
sulfoxide-directed C-H functionalizations.11 For example, Procter and coworkers developed 
a series of ortho alkylations of (hetero)aryl sulfoxides, including propargylation (Scheme 
10A).12 The exclusive ortho regioselectivity was attributed to an interrupted Pummerer 
reaction / thio-Claisen rearrangement sequence in which the intermediate allenyl sulfonium 
salt D, formed by nucleophilic addition to sulphur, could be observed by NMR. The resulting 
ortho-propargyl arylsulfide proved to be a valuable synthetic blocks, as shown, for example, 
by Yorimitsu and coworkers in a synthesis of naphthothiophenes derivatives via a palladium-
                                                              
(8) Izquierdo, S.; Essafi, S.; del Rosal, I.; Vidossich, P.; Pleixats, R.; Vallribera, A.; Ujaque, G.; Lledós, A.; Shafir, 
A. J. Am. Chem. Soc. 2016, 138, 12747-12750.  
(9) Akai, S.; Kawashita, N.; Satoh, H.; Wada, Y.; Kakiguchi, K.; Kuriwaki, I.; Kita, Y. Org. Lett. 2004, 6, 3793-
3796.  
(10) Padwa, A.; Nara, S.; Wang, Q. Tetrahedron Lett. 2006, 47, 595-597.  
(11) Pulis, A. P.; Procter, D. J. Angew. Chem. Int. Ed. 2016, 55, 9842-9860.  
(12) (a) Eberhart, A. J.; Procter, D. J. Angew. Chem. Int. Ed. 2013, 52, 4008-4011. (b) Eberhart, A. J.; Shrives, H. 
J.; Álvarez, E.; Carrër, A.; Zhang, Y.; Procter, D. J. Chem. Eur. J. 2015, 21, 7428-7434.  
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promoted C-S bond cleavage manifold (Scheme 10B).13 It should be noted that while the Ar-
S bond cleavage is indeed viable, such use of aryl sulfides in metal-catalyzed coupling 
reactions remains highly challenging and requires, as in the case below, the use of 
sophisticated derivatives of the classical NHC core. 
Tf2O, 2,6-lutidine
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Me
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+
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Me
+
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Scheme 10. The ortho propargylation of aromatic sulfoxides (A) and application of ortho-
propargylated product (B). 
3.1.2 Formation of an Ar-Benzyl Bond: toward the Synthesis of Diarylmethanes  
The benzylation of aromatic substrates has gained importance as a general approach to the 
synthesis of diarylmethanes, a privileged structural motif widely present in a wide range of 
molecular scaffold, including drugs14 and supramolecules15. In particular, transition metal 
catalysis has been used as tool to construct the requisite carbon-carbon bond employing a 
wide range of substrates, which include the formally electrophilic benzyl halides16 or the 
nucleophilic benzyl zincbromides17 or benzyl trifluoroborates18 (Scheme 11). In all such 
cases, of course, the method requires a suitably pre-functionalized aromatic coupling partner. 
                                                              
(13) Otsuka, S.; Yorimitsu, H.; Osuka, A. Chem. Eur. J. 2015, 21, 14703-14707.  
(14) (a) Meng, W.; Ellsworth, B. A.; Nirschl, A. A.; McCann, P. J.; Patel, M.; Girotra, R. N.; Wu, G.; Sher, P. M.; 
Morrison, E. P.; Biller, S. A.; Zahler, R.; Deshpande, P. P.; Pullockaran, A.; Hagan, D. L.; Morgan, N.; Taylor, J. 
R.; Obermeier, M. T.; Humphreys, W. G.; Khanna, A.; Discenza, L.; Robertson, J. G.; Wang, A.; Han, S.; Wetterau, 
J. R.; Janovitz, E. B.; Flint, O. P.; Whaley, J. M.; Washburn, W. N. J. Med. Chem. 2008, 51, 1145-1149. (b) Wanner, 
C.; Wieland, H.; Schollmeyer, P.; Hörl, W. H. Eur. J. Clin. Pharmacol. 1991, 40, S85-S89. (c) Nomura, S.; 
Sakamaki, S.; Hongu, M.; Kawanishi, E.; Koga, Y.; Sakamoto, T.; Yamamoto, Y.; Ueta, K.; Kimata, H.; Nakayama, 
K.; Tsuda-Tsukimoto, M. J. Med. Chem. 2010, 53, 6355-6360.  
(15) Fujita, M.; Ibukuro, F.; Seki, H.; Kamo, O.; Imanari, M.; Ogura, K. J. Am. Chem. Soc. 1996, 118, 899-900. 
(16) Chowdhury, S.; Georghiou, P. E. Tetrahedron Lett. 1999, 40, 7599-7603.  
(17) Negishi, E.; King, A. O.; Okukado, N. J. Org. Chem. 1977, 42, 1821-1823.  
(18) Molander, G. A.; Ito, T. Org. Lett. 2001, 3, 393-396.  
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 Scheme 11. Transition-metal-catalyzed benzylation. 
In this context, the Friedel-Crafts benzylation of aromatic compounds in principle constitutes 
an alternative method to reach diarylmethanes. Despite the historical importance of the 
Friedel-Crafts alkylation, its use has been often hampered by two factors: the poor reactivity 
of deactivated (“electron-poor”) aromatic compounds and the formation of a mixture of 
regioisomeric products. Recently, Bode and coworker reported a variant of the Friedel-Crafts 
benzylation reaction in which benzyl hydroxamates were used in the presence of BF3·Et2O. 
The method allows for the formation of a highly reactive benzyl cation equivalent capable 
of delivering the ArCH2 group even to electron-deficient arene cores (Scheme 12). Despite 
these advances, the reaction still furnishes a regioisomeric mixture of diarylmethanes 
governed by the electronic preferences of the arene partner. 
Scheme 12. Friedel-Crafts benzylation. 
3.2 Objectives 
Continuing our research on iodane-directed C-H functionalization, we set out to further 
explore the potential of this approach in the construction of a broader selection of iodoarenes. 
In this chapter, we targeted a series of coupling manifolds consisting in the metal-free iodane-
directed C-H alkylation of the hypervalent iodoarenes cores using unsaturated organosilanes 
reagents (Scheme 13). 
 
Scheme 13. Iodane-directed C-H functionalization. 
3.3 Results and Discussion 
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As outlined in section 3.1, the mechanism of the ortho-C-H-propargylation and allylation of 
aryl-λ3-iodanes has been rationalized via a reactive ArI(R)+ intermediates A or C. Taking a 
broader look at this reactivity, we became intrigued by the possibility of testing additional 
unsaturated substrates capable of delivering related classes of intermediates fit to undergo 
similar [3,3] rearrangement. For example, we envisaged that the dienyl intermediate E would 
lead, upon rearrangement and rearomatization, to the formation of a homoallenyl derivative 
shown in Scheme 14. We reasoned that species E, in turn, should be accessible starting with 
homo-allenylsilanes. 
I
X
Ar
I
X
RI
X
R•
E
[3,3] rearrangement
rearomatization
I •Ar
I
X
Ar •
SiA
Ochiai, Shafir
C
Oh, Zhu  
Scheme 14. Potential substrate for reductive ortho-substitution of ArI(OAc)2. 
Hence, the β-trimethylsilyl allene 7 was prepared following a reported method.19 The 
synthesis consisted of the addition of the dibromocarbene to allyltrimethylsilane, followed 
by the MeLi-promoted cyclopropylidene rearrangement (Scheme 15). 
 Scheme 15. Homo-allenylsilane synthesis. 
In view of the improved performance of the electron-rich ArI(OAc)2 in iodonio-Claisen 
processes, our initial tests involved a model reaction between homoallenylsilane 7 and 
(diacetoxyiodo)-2-thiophene 8a (Table 1). We were pleased to find that the target 
homoallenyl iodothiophene 9a was obtained in a 38% GC yield (entry 1) in the presence of 
BF3·Et2O at -50 oC. Considering the observation of small amounts of bis-iodothiophene on 
GC-MS,20 lower reaction temperatures were tested. Indeed, a slight improvement was 
achieved at -60 ℃ (entry 2). While the use of the 1:1 MeCN/CH2Cl2 medium led to the 
mixture freezing at <-60 oC, switching to a 3:7 mixture allowed further cooling (entries 5-6), 
eventually allowing for the formation of 9a in a 67% yield at -78 oC (entry 7). 
In collaboration with Dr. Sébastien Bouvet, additional iodoarenes diacetate reagents were 
tested. Disappointingly, the substrate scope of the C-H homoallenylation was found to be 
limited to a few “activated” (i.e. electron-rich) iodoarene core (Scheme 16). For example, 
the homoallenylation proceeded well with (diacetoxyiodo)-3-thiophene and (diacetoxyiodo)-
                                                              
(19) Lahrech, M.; Hacini, S.; Parrain, J.-L.; Santelli, M. Tetrahedron Lett. 1997, 38, 3395-3398.  
(20) The detected bisiodothiophene was formed by the decomposition of (2-thiephenyl)(iodo-2-
thiephenyl)iodonium salt on GC-MS. The salt was the result of the reaction between 8a and 2-iodothiophene which 
was reduced in situ from 8a. 
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2-naphthalene, affording 9b and 9c in 87 % and 72% yield, respectively. In the case of 
(diacetoxyiodo)-3-methoxybenzene, the alkylated species 9d was formed with the general 
preference for the sterically less hindered position; in addition, 12% of the ipso-
homoallenylated by-product was also detected. However, the more electron-deficient 
(diacetoxyiodo)-(3-methoxy-4-bromobenzene) underwent the functionalization in only 35% 
yield (9e); in this case, the ortho disposition of the homoallenyl group was confirmed by a 
solid state structure. The reaction with more “deactivated” iodoarene core (i.e. PIDA) could 
only afford traces of homoallenylated product. 
Table 1. Optimization of the C-H homoallenylation reaction. 
 
entry solvent concentration temp 9aa 
1 MeCN:CH2Cl2 (1:1) 0.28 M -50 ℃ 38% 
2 MeCN:CH2Cl2 (1:1) 0.28 M -60 ℃ 45% 
3 MeCN:CH2Cl2 (3:7) 0.28 M -60 ℃ 48% 
4 MeCN:CH2Cl2 (1:9) 0.28 M -60 ℃ 42% 
5 MeCN:CH2Cl2 (3:7) 0.28 M -78 ℃ 50% 
6 MeCN:CH2Cl2 (3:7) 0.14 M -78 ℃ 56% 
7 MeCN:CH2Cl2 (3:7) 0.07 M -78 ℃ (67%)b 
a GC yield. b Isolated yield. 
 
Scheme 16. Substrate scope of homoallenylation. 
Continuing with the idea of testing poly-unsaturated organosilanes reagents, we shifted our 
attention to the possibility of coupling benzyltrimethylsilane 10a. Our interest in this 
particular substrate stemmed from the potential of developing a new type of aromatic C-H 
benzylation, which would represent a new road to diarylmethanes. In fact, our original 
hypothesis (unsustained) was built around the notion that a benzylsilane might act simply as 
a cyclic allylsilane substrate. As shown in Scheme 17, we reasoned that an exocyclic trienyl 
intermediate F might then be reached, which upon a [3,3] sigmatropic rearrangement would 
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deliver the benzyl group ortho to iodine. (Scheme 17).  
IAcO
F
Ar
I
Ar
[3,3] 
rearrangement
IAcO OAc
Ar + SiMe3
10a 11
I+
GAr8  
Scheme 17. Hypothetical proposal for ortho C-H benzylation. 
To test this hypothesis, a model coupling between the electron-rich λ3-iodane 8d and 
benzyltrimethylsilane 10a, was tested in the presence of BF3·Et2O under the conditions 
previously developed for the coupling with the homoallenylsilane 9. Gratifyingly, the first 
experiment led to a virtually complete consumption of the λ3-iodane (detectable as ArI by 
GC and GC-MS,21 Scheme 18A), and a rather clean formation of a species with the 
molecular weight (m/z = 324) consistent with the target benzylarene 11da. Somewhat 
surprisingly, however, the benzylation appeared to be fully regioselective, in contrast to the 
usual ortho/ortho’ competition expected for a meta-substituted iodoarene core (e.g. see 
Scheme 6). The product was isolated as yellow oil in an 82 % yield. 
Although conclusive assignment of the regiochemistry in benzylated product was not trivial, 
comparison of the experimental 1H NMR spectrum with the simulated patterns led us to 
tentatively identify benzylated product as the isomer bearing the benzyl group para to the 
iodine. Particularly indicative was the resonance at 6.85 ppm (doublet, J = 7.9 Hz, Scheme 
18B), assigned to CH ortho to the benzyl group. This para assignment would also explain 
the formation of benzylated product as a single isomer. 
 Scheme 18. Coupling between 8d and 10a; A: GC-MS trace of the reaction mixture; B::1H 
NMR of the isolated product corresponding to the peak @ 10.1 min. 
                                                             
(21) ArI(OAc)2 is transformed quantitatively into the corresponding iodoarene upon passing through the GC 
injection manifold. 
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Intrigued by this unusual reactivity, we tested the simplest (diacetoxyiodo)arene 8f, a 
substrate that previously performed poorly in the allylation and homo-allenylation, but was 
suitable for the CH propargylation.2,6 We were pleased to find that the benzylation in this 
case proceeded smoothly and selectively, affording 1-benzyl-4-iodobenzene 12fa in 77% 
yield. In this case, the para selectivity could be unambiguously assigned by 1H NMR based 
on the characteristic set of AB doublets for the 1,4 substituted benzene ring (Scheme 19). 
 Scheme 19. Coupling between 8f and 10a and 1H NMR of 12fa. 
This iodane-directed C-H benzylation attracted our attention since the regiochemical 
outcome could not be easily explained by the previously established mechanistic proposals. 
It was also interesting that the initial experiments appeared to indicate that this benzylation 
might have a broader iodoarenes scope than the related allylation. Taking all this into 
consideration, we proceeded to further explore the possibilities and limitations of this C-H 
benzylation approach. 
3.3.1 Preliminary Insights into the Reductive para-Benzylation 
As discussed earlier, the exogenous acids (Lewis and Brønsted) are commonly employed to 
enhance the reactivity of λ3-iodanes. In particular, BF3·Et2O has served as an additive in 
combination with PhI(OAc)2 and PhI(O2CCF3)2, and has been assumed to act through the 
binding to one of the carboxylate ligands. This hypothesis was further confirmed by a recent 
study from our laboratory which provided evidence for the weakening of the I···O bond 
involving the OAc·BF3 in solid and solution states (I---O bond in H, Scheme 20).8 It is likely, 
therefore, that the Lewis acid might play the same role in this case by activating PhI(OAc)2 
and favoring the initial coordination of benzyltrimethylsilane 10a to λ3-iodane. The proposed 
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structure of the iodine(III)-arene adduct I closely resembles the species involved as 
intermediates in the synthesis of diaryliodonium salts (see below).22 
 Scheme 20. A possible role of BF3·Et2O in the benzylation process. 
Indeed, no 12fa was formed in the absence of BF3·Et2O (entry 1, Table 2), with GC analysis 
showing that 10a is quite stable in the presence of non-activated PhI(OAc)2 even at room 
temperature. In fact, at least 1.0 equiv. of BF3·Et2O was required to form 12fa at -78 ℃ 
(entries 4-7). In this case, 30% of the product was obtained at -78 ℃, with the yield reaching 
a 76% when the reaction was warmed to room temperature for 16 h (entry 4). A larger excess 
of BF3·Et2O (1.2 - 2.0 equiv.) allowed for 12fa to be obtained in similar yields directly at -
78 ℃ (entries 5-7). The use of sub-stoichiometric BF3·Et2O led to poor conversions, although 
a 56% GC yield of 12fa was observed at room temperature in the presence of 0.5 equiv. of 
this additive (entries 2-3). 
Table 2. Effect of the BF3·Et2O loading on the outcome of the para-benzylation. 
 
entry equiv BF3·Et2O % GC yield of 12fa
a 
at -78 oC, 2h 25 oC, 16 h 
1 --- --- --- 
2 0.25 --- --- 
3 0.5 --- 56% 
4 1.0 30% 76% 
5 1.2 78% 80% 
6 1.5 78% 79% 
7 2.0 73% 72% 
a Corrected %GC yield with cyclohexanecarbonitrile as internal standard 
During the coupling tests, by-products could also be detected, especially in cases leading to 
lower yields of target C-H benzylated product. These included the benzyl acetate 13a and 
                                                              
(22) (a) Merritt, E. A.; Olofsson, B. Angew. Chem. Int. Ed. 2009, 48, 9052-9070. (b) Zhao, J.; Li, S. J. Org. Chem. 
2017, 82, 2984-2991.  
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the N-benzylacetamide 14a (Scheme 21), both of which might be explained by the 
intermediacy of the benzylic cation J (Paths a and b). This observation led us to consider the 
possibility of 12fa being formed via a Friedel-Crafts type reaction between iodobenzene 
(produced by reduction of PIDA) and the electrophilic benzyl species J (Path c). 
 Scheme 21. Addressing the possibility of a “purely” benzyl cation path. 
In order to test Path c, a competition experiment was carried using a mixture of PhI(OAc)2 
and the m-iodoanisole. For a true Friedel-Crafts manifold (via a benzyl electrophile) this 
experiment would lead to a predominant benzylation at the more activated anisole core (i.e. 
product 12da, Scheme 22). However, only 12fa (70% GC yield) was formed, ruling out at 
least the canonical electrophilic aromatic substitution chemistry (path c in Scheme 21). This 
result is also inconsistent with an intramolecular radical chemistry (e.g. via PhCH2). In 
addition, the exquisite para selectivity of the process, with only ~1% of the ortho isomer 
detected (GC-MS), appears to be inconsistent with a simple electrophilic alkylation (see in 
Scheme 12). It should be emphasized, however, that these experiments only discard a simple 
intermolecular Friedel-Crafts process, allowing for the (more realistic) possibility of an 
intramolecular electrophilic benzyl transfer in species such as I in Scheme 20. 
 
Scheme 22. Competition experiment to test the electrophilic aromatic substitution path. 
3.3.2 Reductive para Benzylation with Various Aryl λ3-Iodine Reagents 
Several additional ArI(OAc)2 were then prepared in order for exploring the substrate scope 
in C-H benzylation. These λ3-iodanes are generally synthesized by the oxidation of 
iodoarenes with oxidants such as NaIO4 or NaBO3·4H2O under acidic condition (Scheme 
23). It should be mentioned that a strong acid, e.g. TfOH may be required when using certain 
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electron-deficient iodoarenes substrates (see products 8m, 8n). Despite the structural 
similarity between ArI(OAc)2 and ArI(OCOCF3)2, the use of the acetate derivative is 
compatible with a much broader scope of the iodoarenes cores, including the electron-rich 
substrates incompatible with the trifluoroacetate ligand. The ArI(OAc)2 are generally bench-
stable solids. 
Scheme 23. Two oxidative conditions for synthesis of aryl λ3-iodine reagents. 
The benzylation of various aryl λ3-iodine reagents was then explored (Scheme 24). The 
iodoarene core with electron-donating NHCbz group meta to iodine afforded the 
corresponding para-benzylated product regioselectively and in a good yield (product 12ga, 
88%). A virtually quantitative coupling took place with the organic λ3-iodane 8h presenting 
a rather hindered (but activated) para C-H-position (12ha). For the (diacetoxyiodo)-1-
naphthalene (8i), the benzylation once again took place selectively para to iodine (C4-
position), giving an 87% of the corresponding product 12ia. It should be mentioned that the 
para coupling of the (diacetoxyiodo)-2-methylbenzene substrate (9j) was accompanied by 
the formation of 7% of meta-regioisomer. This competing meta-benzylation was even more 
pronounced in the case of the (diacetoxyiodo)-2,6-dimethylbenzene 8k which underwent 
benzylation with a 4.1:1 para/meta selectivity. 
CH3CN: CH2Cl2 (3:7), - 78 oC
BF3·Et2O (1.2 equiv.)
8 10a
+
12
(AcO)2I
I
Me3Si
12ia, 87%12ha, 98%
Me
Me
I I
NHCbz
I
12ga, 88%
Ar Ar
H
I
12ja, 84% (7%)
Me
I
12ka, 68% (16%)
Me
Me
Scheme 24. Reductive para-benzylation with various aryl λ3-iodine reagents. 
Taken together with our previous observations, the efficient benzylation of electron-rich 
iodoarenes cores indicates that although a simple Friedel-Crafts process is unlikely, the 
reaction does possess a strong electrophilic character with respect to the aromatic core. In 
fact, regardless of the exact mechanism, the reaction likely arrives to the formation of an 
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arenium (Wheland-type) intermediate K (Scheme 25). In this context, the appearance of the 
meta-benzylation in 8k can be rationalized by a [1,2] benzyl shift in the intermediate K to 
form the Me-stabilized arenium cation L’. 
 
Scheme 25. Possible pathway for byproduct 15ka. 
Initially, no benzylation product formed using the more electron-deficient (diacetoxyiodo)- 
3-bromobenzene 8l under the previously optimized conditions (entry 1, Table 3). 
Nevertheless, a 50% yield of 12la was obtained by allowing the same reaction flask to warm 
to room temperature (entry 2). Interestingly, the initial addition of BF3·Et2O at low 
temperature proved important, as only 31% of 12la formed when the entire procedure was 
performed at room temperature (entry 3). The use of the corresponding bis-trifluoroacetate 
iodane 8l’ led to the formation of 12la in a 49% yield under the standard condition (entry 4). 
Finally, a 68% yield of 12la was obtained by switching to TMSOTf as a stronger acid 
activator (entry 5). 
Table 3. Reductive para-benzylation with electron poor hypervalent iodine.  
 
entry λ3-iodane additive Temp 1a Temp 2a % 12lab 
1 8l BF3·Et2O -78 ℃ -78 ℃ --- 
2 8l BF3·Et2O -78 ℃ r.t. (50) 
3 8l BF3·Et2O r.t. r.t. (31) 
4 8l´ BF3·Et2O -78 ℃  - 78 ℃ 49 
5 8l TMSOTf -78 ℃ r.t. 68 
a Temp 1: temperature when additive was added; Temp 2: reaction temperature. b Isolated yield, 
in parenthesis GC yield with cyclohexanecarbonitrile as internal standard 
Interestingly, no products was formed when using the (diacetoxyiodo)-2-bromobenzene core 
8m in which the Br substituent has been moved from the meta to the ortho position. Given a 
somewhat electron-deficient nature of the λ3-iodane in this case, we sought to rule out the 
UNIVERSITAT ROVIRA I VIRGILI 
HYPERVALENT IODINE AS DIRECTING TOOL IN IODINE-RETENTIVE TRANSFORMATION OF C-H BONDS 
Yichen Wu 
 
 78 
 
possibility of insufficient activation with BF3·Et2O due to the lower basicity of the substrate. 
Control experiments by 1H NMR indicated that the activated complex ArI(OAc)(OAc·BF3) 
was still favored in such system, showing the telltale downfield displacement of ArI(OAc)2 
resonances upon addition of BF3·Et2O (Scheme 26).  
 
Scheme 26. Activation of electron-deficient ArI(OAc)2. 
Hence, the lack of coupling in this system was attributed to the decrease of the electron 
density at the C4 position of iodoarene core due to the presence of an electron-withdrawing 
Br substituent meta with respect to the reacting C-H position (σmBr = 0.391). This electronic 
effect appears to be rather pronounced, as the introduction of a methyl group (8n) allowed 
for the benzylation to proceeded smoothly at - 78 ℃, reaching 83% of the corresponding 
product 12na (Scheme 27) 
12na, 83%
I
O
O
O
O Br
Me H
Me3Si I
Br
Me
8n
BF3·Et2O, 
CH3CN/CH2Cl2, - 78 oC
Scheme 27. Reductive para-benzylation with 8n. 
Interestingly, by blocking the para position on the ArI ring, the coupling can be directed to 
the meta position. Hence, benzylation of the (diacetoxyiodo)-4-methylbenzene 8o afforded 
a 52% yield of the meta-benzylated product 15oa. When a more electron-rich iodoarene core 
8p was tested, the corresponding product 15pa was obtained in quantative yield (Scheme 
28). Once again, the meta-benzylation can be rationalized by a [1,2] benzyl shift from an 
intermediate similar to K (as in Scheme 25). 
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Scheme 28. Reductive benzylation of λ3-iodanes with para position blocked. 
The reaction could also be applied to the electron rich heterocyclic λ3-iodane, as seen for 2-
iodothiophene core 8a. Interestingly, in this case the benzylation takes place ortho to iodine 
(11aa, Scheme 29). 
 
Scheme 29. Reductive benzylation of 8a. 
3.3.3 Reductive para-Benzylation with Various Benzyltrimethylsilanes 
In order to explore the substrate scope of the benzylic coupling partner, it was necessary to 
establish a reliable methodology for the preparation of benzyltrimethylsilanes. Several 
methods have been reported,23 including the metal-catalyzed/mediated cross-coupling 
reactions between aryl halides and the Me3SiCH2-M nucleophiles. Our initial approach 
consisted in using a Pd-catalyzed coupling between haloarenes and 
tris(trimethylsilylmethyl)-indium reagents developed by Sarandeses and co-workers.23d 
Various benzyltrimethylsilane derivatives were obtained using this method (a selection is 
shown in Scheme 30). Although the coupling proved reasonably practical with the activated 
haloarenes, poor results were obtained with substrates containing electron-donating 
substituents. An additional drawback of this method was the incomplete consumption of the 
aryl halide, hampering the purification step due to the similar polarities of the product and 
the starting haloarenes. We also found that the low Br/I chemoselectivity limited the 
synthesis of the bromo-substituted benzyltrimethylsilane. 
As an alternative, we turned our attention to the Ni-catalyzed Kumada-type alkylation using 
an organomagnesium reagent.24 While the original protocol using Me3SiCH2MgCl and 
bromoarene substrate at 70 ℃ (two days), we found the reaction could be performed under 
milder conditions using iodoarenes (0 ℃, 1-2 hours, Scheme 31). This new approach 
performed well for a wide range of iodoarenes, and the low-temperature regime allowed for 
selective transformation at the C-I unit in the presence of a bromide substituent.  
                                                              
(23) (a) Molander, G. A.; Yun, C.-S.; Ribagorda, M.; Biolatto, B. J. Org. Chem. 2003, 68, 5534-5539. (b) Heijnen, 
D.; Hornillos, V.; Corbet, B. P.; Giannerini, M.; Feringa, B. L. Org. Lett. 2015, 17, 2262-2265. (c) Giannerini, M.; 
Fañanás-Mastral, M.; Feringa, B. L. Nat Chem 2013, 5, 667-672. (d) Pérez, I.; Sestelo, J. P.; Sarandeses, L. A. J. 
Am. Chem. Soc. 2001, 123, 4155-4160.  
(24) Wu, Y.; Li, L.; Li, H.; Gao, L.; Xie, H.; Zhang, Z.; Su, Z.; Hu, C.; Song, Z. Org. Lett. 2014, 16, 1880-1883.  
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Scheme 30. Synthesis of the trimethylsilyl-arenes from haloarenes. 
 
Scheme 31. Synthesis of benzylsilane and its derivatives. 
The newly prepared benzyltrimentylsilanes were then tested as C-H benzylation agents. 
Somewhat surprisingly, attempts to couple para-substituted benzyltrimethylsilanes were 
unsuccessful regardless of the electronic nature of the substituent (Scheme 32).  
 
Scheme 32. Lack of reactivity with para-substituted benzyltrimethylsilanes. 
On the other hand, the coupling of electron-deficient meta- or ortho-substituted 
benzyltrimethylsilanes the coupling was found to take place at or above room temperature. 
As shown in Scheme 33, the para-benzylation proceeded smoothly with 
benzyltrimethylsilanes bearing a halogen group at the meta or ortho positions (products 12fb 
and 12fc), albeit with a lower yield for the doubly halogenated 12fd. The use of substrates 
containing an ester or an OTs substituent gave the corresponding products (12fe-12fg) in 
moderate to good yields. In general, benzyltrimethylsilanes with trifluoromethyl, keto-, 
sulfonyl or an acid group at the meta position afforded the para-benzylated product in 
moderate to good yields (products 12fh-12fk). However, a drop in the yield was detected 
when employing the most electron-deficient nitro- or cyano-substituted 
benzyltrimethylsilanes (products 12fl and 12fm). The coupling protocol was also reasonably 
tolerant to the presence of additional sensitive functional groups at the meta-ester substituent, 
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including an alkylhalide and an alkylazide moieties (products 12fn and 12fo). 
Scheme 33. Reductive para-benzylation with benzyltrimethylsilane derivatives. 
However, attempts to couple electron-rich benzyltrimethylsilane derivatives, such as 3-
methoxybenzyltrimethylsilane, were unsuccessful, leading instead the detection of iodinated 
3-methoxybenzyltrimethylsilane by GC-MS, likely due to the formation of benzylsilane-
derived diaryliodonium salt (not stable upon injection into GC-MS). Here too, the electronic 
effect was rather pronounced, as evidenced by the fact that the reactivity of the ortho-Me 
benzylsilane can be “restored” by the introduction of an additional chloro substituent in 10p 
(Scheme 34, product 12fp in 71% yield). 
 Scheme 34. Reductive para-benzylation with 10p. 
When the benzothiophene-based silane reagent 10q was used in the reaction with PhI(OAc)2 
(Scheme 35A), no benzylation occurred, leading instead to acetylation and homo-
dimerization of this substrate. Interestingly, when the corresponding S-dioxo (sulfone) 
derivative 10r was tested, the coupling took place selectively ortho to iodine atom, affording 
the corresponding product 11fr in virtually quantitative yield (98%, Scheme 35B). 
Furthermore, the coupling also proceeded smoothly with the moderately electron-deficient 
p-Cl-substituted λ3-iodane to give 11qr in an 80% yield. This regiochemical outcome is the 
(logical) consequence of sulfone 10r acting as a cyclic allylsilane in an ortho-allylation 
manifold (as had been illustrated in Scheme 6, and, to an extent, in Scheme 17). A truly 
remarkable feature of this reaction, however, is the fact that it represents the first example of 
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a high-yielding iodine-directed ortho-allylation of an electron-neutral and an electron-
deficient iodoarene core.  
8 10r
+
I(OAc)2
S
O O
Me3Si
I
R
CH3CN: CH2Cl2 (3:7) 
-78 oC
BF3·Et2O (1.2 equiv.)
R
R = H
Cl
98%
80%
11fr,
11qr,
8f 10q
+
I(OAc)2 I
A)
B)
S
Me3Si
S
SO
O R = H
x observed:    ·C-acetylation of 10q·homo-dimerization of 10q
 
Scheme 35. Reductive ortho-benzylation  
3.3.4 Insight of Reductive para-Benzylation 
Although the mechanism of this reductive para benzylation is still under investigation, 
preliminary experiments have been carried out to gain some insight into this process. A signal 
corresponding to SiMe3F was detected by 1H NMR at 0.3 ppm (d, J = 7.4 Hz, Figure 1A), 
with a matching resonance present in the 19F NMR at -157.7 ppm (Figure 1B). This indicates 
that BF3·Et2O, the only fluorine source in the reaction mixture, not only activates the organic 
λ3-iodanes (see in Scheme 26) but is also involved in the removal of SiMe3 from 
benzyltrimethylsilane. However, control experiments showed that BF3·Et2O alone was not a 
desilylation agent, with no changes to the aromatic region of the benzyltrimethylsilane (1H 
NMR) observed upon addition of BF3·Et2O. It appears, therefore, that the fluoride sources 
in the reaction mixture is the more reactive -OAc·BF3 anion, formed during the activation of 
the λ3-iodane. 
 Figure 1. Peak of TMSF in 1H NMR (A) and 19F NMR (B) and a possible desilylation step 
(in square frame). 
Aiming to provide mechanistic rationale for the predominant para selectivity of the process, 
we also considered the possibility of a diaryliodonium salt intermediate. Indeed, 
benzyltrimethylsilane is a fairly electron-rich arene, and the conditions employed are similar 
to those used in the synthesis of the diaryliodonium salts.22a,8 Furthermore, the formation of 
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species M would in principle occur through the already invoked arene –iodine(III) complex 
I (see Scheme 36, Pathway a). In this case, although the carbon-carbon bond-forming step 
would have to overcome a seemingly prohibitive ~8 Å distance (molecular modelling) 
separating the reactive ends of the molecule, processes could still be envisaged 
(intramolecular rearrangements, bi-molecular events) that would allow for the reaction to 
take place. After some experimentation, we succeeded in synthesizing the unsymmetrical 
diaryliodonium salts 16-BF4 by treating PhI(OAc)2 with para-tributyltin-
benzyltrimethylsilane in the presence of BF3·Et2O. The structure of 16 was confirmed by 
single crystal X-Ray diffraction. However, when 16 was used as substrate under the standard 
conditions (Condition A), no benzylated product 12fa was formed. Considering that the in 
situ formed -OAc·BF3 anion was sufficient for the desilylation, 16 was then added to the 
reaction of PhI(OAc)2 and 10e (Condition B). Still, no 12fa was detected by GC-MS, 
indicating this diaryliodonium species was not involved in this benzylation.  
 
Scheme 36 Formation, structure and reactivity (or lack thereof) of the diaryliodonium salt 
16. 
Alternatively, a pathway similar to that for the propagylation and allylation (see in Schemes 
2 and 6) was then considered (Pathway b, Scheme 37). Here, the activated species H 
underwent ligand exchange to furnish the intermediate I which then reacted with the in situ 
formed -OAc·BF3 anion to give species M and release SiMe3F. Although the drawing of M 
in Scheme 37 is intentionally ambiguous, the species may, in fact, resemble a π-complex 
between the PhIOAc+ cation and a benzyl anion. Indeed, the feasibility of such π-complex 
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has been supported by preliminary DFT modelling (Gaussian, B3LYP/6-31+G(d,p)). The C-
C bond-forming step to give K can be viewed as a special case of a [5,5] rearrangement. 
During this process (and unlike in the diaryliodonium path), the proton para to the CH2SiMe3 
in 10a (marked in pink) should remain intact. Indeed, in the reaction between PhI(OAc)2 and 
deuterated benzyltrimethylsilane 10a-d5, the product 12fa-d5 was furnished with no loss of 
deuterium label. 
 
Scheme 37. A possible pathway for the para C-H benzylation. 
3.3.5 Scope and Limitation in ortho C-H Propargylation 
During the course of this foray into the iodane-directed coupling of organosilane reagents, 
we were surprised by the fact the ortho-propargylation manifold, originally reported by 
Ochiai et al., attracted virtually no attention from the synthetic community. This lack of 
implementation as a synthetic tool contrasts sharply with the obvious potential of the 
resulting ortho-iodopropagylarene to be used as a precursor to a wide range of ortho-
substituted aromatic targets. The reasons behind this oversight are likely multiple, and 
probably include a general reluctance (until recently) to use λ3-iodanes as building blocks, 
and, more importantly, the lack of demonstrable substrate scope (beyond iodotoluene) in the 
original reports. Given our progress with the coupling of unsaturated organosilanes, the 
iodane-directed ortho-propagylation has now been revisited in collaboration with Dr. Susana 
Izquierdo and Dr. Sébastien Bouvet. Tests were conducted using the substituted iodane 8n as 
the model substrate. While a 74% yield was obtained with the original method (MgSO4 
additive, CH2Cl2 at -20 ℃), our low temperature conditions allowed for 2na to be obtained 
in an 89% yield. A selection of ortho-propagyl cores obtained using this method is shown in 
Scheme 38. The reaction of the electron-rich organic λ3-iodanes gave the corresponding 
ortho coupling products in good yields (products 2aa-2ca, 2ia). Interestingly, the 
propargylation of the meta-tert-butoxy iodobenzene core led to a rather clean formation of 
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phenol 2qa (71%, 5:1 o:o’, a general preference for the sterically less hindered position was 
observed), presumably through acid-promoted loss of the tBu group. Importantly, the method 
proved compatible with substrates containing the electron-withdrawing halogen (o-Br, o-F), 
or the CF3 groups (products 2ma, 2ra and 2sa). Similarly, the use of the iodane derived from 
p-azidoiodobenzene led the 2-propargyl-4-azido-iodoarene 2ua in 71% yield. Highly 
electron-deficient organic λ3-iodanes containing CN or NO2 groups could also undergo 
propargylation albeit at room temperature and in modest yields (products 2va and 2wa). A 
somewhat improved performance for some π-deficient cores was found employing the silyl-
protected internal propargylsilane (2vb vs 2va). The method was also compatible with 
propargylsilanes bearing a free alcohol (–CH2OH), a boronate and an arene substituents, 
although provided that the latter bears a strongly electron-withdrawing substituent (products 
2fc-2ff). 
Scheme 38. Reductive ortho-propargylation. 
Finally, it should be noted that the iodoarene products described throughout this chapter 
could in principle be converted to λ3-iodanes, and therefore could serve as substrates for a 
subsequent C-H alkylation. This manifold was indeed demonstrated through a sequential 
introduction of a benzyl and a propargyl group (Scheme 39). Reductive para-benzylation of 
PIDA was first carried out to afford 12fa, and this substrate was then re-oxidized to the 
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corresponding λ3-iodane using a mild oxidation with Selectfluor®.25 Propargylation was then 
performed under the standard conditions to construct the tri-substituted (doubly o,p-alkylated) 
iodoarenes 17 in a 69% yield. 
 Scheme 39. A sequential introduction of a benzyl and a propargyl group to iodoarene core. 
Furthermore, these newly formed alkylated iodoarene cores could constitute an attractive 
platform for further transformation. For example, Pd-catalzyed Sonogashira cross-coupling 
was carried out at the C-I group of the ortho-propargylated iodobenzene 2fb, leading to 
ortho-disposed 18, which represents an attrcative precursor for a variety of cyclizative 
transformations.26  
 
Scheme 40. Pd-catalyzed cross-coupling of 2fb. 
3.4 Conclusion 
The coupling between (diacetoxyiodo)arenes, ArI(OAc)2 and unsaturated organosilanes has 
been explored. In particular, the use of benzyltrimethylsilanes in the presence of a Lewis acid 
(BF3·Et2O, Tf2O) allowed for an unusual para-selective benzylation to give a family of 
iodinated diarylmethanes. A range of function groups was tolerated including a halide, an 
ester and azide. In the case where the para position on the iodoarene core is blocked, the 
coupling can be directed to the available meta position. Although the overall mechanism is 
not fully clear, the general Frediel-Crafts process is less likely by the result of competition 
experiments. A diaryliodonium salt derived from benzyltrimethylsilane was synthesized, 
which allowed us to discard the involvement of this species in the benzylation. The chapter 
also demonstrated the possibility of the ortho-coupling using homo-allenylsilanes, 
propagylsilane and a special class of benzothiophene-based allylsilane derivatives. 
3.5 Experimental Section. 
General Information 
                                                              
(25) Ye, C.; Twamley, B.; Shreeve, J. n. M. Org. Lett. 2005, 7, 3961-3964. 
(26) Rodríguez, D.; Navarro, A.; Castedo, L.; Domínguez, D.; Saá, C. Org. Lett. 2000, 2, 1497-1500.  
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Reagents. All commercially acquired reagents were used as received, including copper(II) 
triflate, caesium carbonate and hexafluoro-isopropanol (HFIP). 
Reaction conditions. Reactions requiring inert atmosphere were conducted under nitrogen 
using standard Schlenk line techniques. All other reactions were performed employing 
standard organic synthesis protocols. 
3.5.1 Synthesis of Organic λ3-Iodane Reagents 
Procedure A: NaIO4 and NaOAc were suspended in a stirred mixture of AcOH and Ac2O. 
Iodoarene was added and the mixture was allowed to stir at 125 oC. When all of the iodoarene 
has been consumed, the reaction mixture was cooled, poured into H2O and extracted with 
CH2Cl2. The organic fractions were then combined and dried over MgSO4. After 
concentration, pentane was added and the precipitate appeared (occasionally several drops 
of CH2Cl2 were required to induce precipitation). The precipitate was washed with pentane 
several times and dried under vacuum. 
Procedure B: To the solution of iodoarene in acetic acid was added the solid NaBO3∙H2O or 
NaBO3∙4H2O portionwise over a period of 30 minutes, and the mixture was then heated to 
50 oC. The reaction was traced by TLC until the starting iodoarene consumed. Upon solvent 
removal (rotary evaporation), water was added and the CH2Cl2 was used to extract the 
aqueous layer. The organic fractions were then combined and dried over MgSO4. Upon 
concentration, pentane was added leading to the appearance of a precipitate. In cases where 
no precipitate formed, several drops of CH2Cl2 were added until the precipitate appeared. 
This precipitate was washed several times with pentane and then dried under vacuum. 
8d: Following Procedure A, m-methoxy-iodobenzene (10 mmol, 2.34 
g), NaIO4 (10.3 mmol, 2.20 g) and NaOAc (22 mmol, 1.80 g) were 
allowed to react in a mixture of AcOH (15 mL) and Ac2O (1.5 mL). Cyclohexane was used 
in place of pentane during the workup. White solid, 2.22 g, yield: 63%. 1H NMR (400 MHz, 
CDCl3) (lit. ref 3) δ 7.66 – 7.61 (m, 2H, Ar), 7.39 (virt t, J = 8.1 Hz, 1H, Ar), 7.08 (ddd, J = 
8.4, 2.4, 0.8 Hz, 1H), 3.85 (s, 3H, OMe), 2.00 (s, 6H, OAc).13C NMR (101 MHz, CDCl3) δ 
176.54, 160.64, 131.62, 127.16, 121.56, 120.60, 118.05, 55.84, 20.46. 
8i: Following Procedure A, 1-iodonaphthalene (10 mmol, 2.54 g), NaIO4 
(10.3 mmol, 2.20 g) and NaOAc (22 mmol, 1.80 g) were allowed to react in a 
mixture of AcOH (15 mL) and Ac2O (1.5 mL). Light yellow solid, 2.16 g, 
yield: 58%. 1H NMR (500 MHz, CDCl3) δ 8.50 (dd, J = 7.4, 1.1 Hz, 1H), 8.16 – 8.06 (m, 
2H), 7.93 – 7.88 (m, 1H), 7.75 – 7.69 (m, 1H), 7.64 (ddd, J = 8.1, 6.9, 1.1 Hz, 1H), 7.53 (dd, 
J = 8.2, 7.4 Hz, 1H), 1.93 (s, 6H). 13C NMR (126 MHz, CDCl3) δ 176.74, 137.25, 134.59, 
133.70, 131.48, 129.82, 129.44, 129.30, 127.84, 126.77, 125.56, 20.40. 
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8h: Following Procedure A, 3,5-dimethyl-1-iodobenzene (10 mmol, 2.32 
g), NaIO4 (10.3 mmol, 2.20 g) and NaOAc (22 mmol, 1.80 g) were 
allowed to react in a mixture of AcOH (15 mL) and Ac2O (1.5 mL). White 
solid, 2.152 g, yield: 62%. 1H NMR (300 MHz, CDCl3) δ 7.72 (s, 2H, Ar), 7.21 (s, 1H, Ar), 
2.38 (s, 6H, Me), 2.01 (s, 6H, OAc). 
8o: Following Procedure A, p-methyl-iodobenzene (10 mmol, 2.18 g), 
NaIO4 (10.3 mmol, 2.20 g) and NaOAc (22 mmol, 1.80 g) were allowed 
to react in a mixture of AcOH (15 mL) and Ac2O (1.5 mL). White solid, 
2.18 g, yield: 65%. 1H NMR (400 MHz, CDCl3) δ 8.00 – 7.90 (m, 2H, Ar), 7.31 – 7.23 (m, 
2H, Ar), 2.43 (s, 3H, Me), 1.98 (s, 6H, OAc).13C NMR (101 MHz, CDCl3) δ 176.48, 142.80, 
135.12, 131.89, 118.54, 21.68, 20.52. 
8l: Following Procedure B, m-bromo-iodobenzene (10 mmol, 2.83 g, 1.4 
mL) was dissolved in HOAc (100 mL), followed by tportionwise addition 
of NaBO3 4H2O (100 mmol, 15.39 g). The mixture was heated to 50 oC under N2 atmosphere. 
Cyclohexane was used in place of pentane during the workup. White solid, 3.45 g, yield: 
86%. 1H NMR (400 MHz, CDCl3) δ 8.20 (virt t, J = 1.8 Hz, 1H, Ar), 8.01 (ddd, J = 8.1, 1.8, 
0.9 Hz, 1H, Ar), 7.68 (ddd, J = 8.1, 1.8, 0.9 Hz, 1H, Ar), 7.36 (virt t, J = 8.1 Hz, 1H, Ar), 
1.99 (s, 6H, OAc).13C NMR (101 MHz, CDCl3) δ 176.72, 137.41, 135.06, 133.50, 132.19, 
124.03, 121.49, 20.49. 
8m: Following a modification of Procedure B, o-bromo-iodobenzene (10 
mmol, 2.83 g, 1.28 mL) was dissolved in a mixture of HOAc (90 mL) and 
TfOH (60 mmol, 9 g, 5.31 mL), which was followed by portionwise addition 
of NaBO3 4H2O (100 mmol, 15.39 g). White solid, 3.05 g, yield: 76%. 1H NMR (500 MHz, 
CDCl3) δ 8.23 (virt dt, J = 7.9, 1.2 Hz, 1H, Ar), 7.88 (virt dt, J = 7.9, 1.2 Hz, 1H, Ar), 
7.48 (virt tt, J = 7.6 Hz, 1H, Ar), 7.39 (virt tt, J = 7.6, 1.2 Hz, 1H, Ar), 2.00 (s, 6H, OAc). 
13C NMR (126 MHz, CDCl3) δ 176.89, 138.77, 133.76, 133.27, 129.45, 128.24, 127.49, 
20.36. 
8n: Following a modification of Procedure B, 1-bromo-2-iodo-4- 
methylbenzene (7.21 mmol, 2.14 g) was dissolved in a mixture of HOAc (60 
mL) and TfOH (20.3 mmol, 3.05 g, 1.8 mL), which was followed by 
portionwise addition of NaBO3 4H2O (72mmol, 11.1 g). 1H NMR (400 MHz, 
CDCl3)  8.12–8.01 (m, 1H), 7.74 (d, J = 8.2 Hz, 1H), 7.31–7.27 (m, 1H), 2.38 (s, 3H, CH3), 
2.01 (s, 6H, OAc). 13C NMR (101 MHz, CDCl3)  176.99 (C=O), 140.19, 139.14, 134.77, 
132.84, 127.95, 124.05, 20.94(CH3), 20.46 (COCH3). 
3.5.2 General Procedure for the Synthesis of the Trimethylsilylmethyl Magnesium 
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Reagent 
A three-necked round bottom flask equipped with a reflux condenser and a dropping funnel 
was charged with Mg turnings (which had been pretreated with heating under vacuum). 
Under nitrogen atmosphere, dry Et2O (15 mL) was added. Next, Me3SiCH2Cl (30 mmol, 
3.69 g) was dissolved in 7.5 mL of dry Et2O and placed in the dropping funnel. After addition 
of several drops of the Me3SiCH2Cl solution to the flask, a small amount of I2 was added. 
The reaction was initiated by a gentle heating, followed by the dropwise addition of the 
remaining Me3SiCH2Cl solution at room temperature. The mixture was allowed to stir at 
room temperature for 3 hours and directly used for the further transformation. The 
concentration of the trimethylsilylmethyl magnesium reagent (~1.33 M) was assumed to 
correspond the initial concentration of the Me3SiCH2Cl.  
3.5.3 Synthesis of Benzyltrimethylsilanes 
Two general methods have been used. 
Method A: A round-bottom flask equipped with a stirrer bar was charged with InCl3 (10.14 
mmol, 2.238 g) and was carefully dried under vacuum while heating with a heat gun. The 
mixture was cooled, a positive nitrogen pressure was established, and dry THF (70 mL) was 
added. The resulting suspension was cooled to -78 °C, and a solution of Me3SiCH2MgCl (30 
mmol, ~1.33 M in Et2O) was slowly added. The mixture was stirred for 30 min, the cooling 
bath was removed, and the reaction mixture was warmed to room temperature and again the 
concentration (~0.11 M) was assumed to correspond to the total [In] concentration. This THF 
solution of In(CH2SiMe3)3 could be stored at r.t. for several weeks 
A solution of In(CH2SiMe3)3 (quantity as indicated, in dry THF/Et2O) was added to a 
refluxing mixture of the iodoarene (1 equiv.) and Pd(PPh3)2Cl2 (0.01 equiv.) in dry THF (0.25 
M). The resulting mixture was left under reflux (nitrogen atmosphere) until the product 
reached the highest yield (GC). The reaction was then quenched by the addition of few drops 
of MeOH. The mixture was concentrated in vacuo and Et2O was added. The organic phase 
was washed with aqueous HCl (5%), saturated aqueous NaHCO3, and brine, dried, filtered, 
and concentrated in vacuo. The residue was purified by flash chromatography. Note: it is 
important that the addition of In(CH2SiMe3)3 be performed to a reaction mixture that had 
already been brought to reflux. Failure to do so results in a lower yield of the product. 
Method B: A solution of iodoarene (1.0 equiv.) and Ni(acac)2 (0.05 equiv) in THF (0.24 M) 
was stirred for 5 min at room temperature. Me3SiCH2MgCl (1.5 equiv.) was added via 
cannulation at 0 °C. The reaction mixture was stirred at the indicated temperature for 1-2 hrs. 
At this point, the reaction was quenched with water and extracted with Et2O for three times. 
The combined organic layers were washed with water, brine and dried over Na2SO4, then 
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concentrated under reduced pressure. Purification of the crude residue via silica gel flash 
column chromatography afforded benzyltrimentylsilane. 
Following Method A, a solution of In(CH2SiMe3)3 (1.16 mmol in dry 
THF) was added to a refluxing mixture of the 3-methoxyiodobenzene 
(3 mmol, 702 mg) and Pd(PPh3)2Cl2 (0.03 mmol, 21 mg) in dry THF 
(12 mL). Column chromatography: silica gel, gradient elution: cyclohexane; Rf = 0.30 in 
cyclohexane. Liquid. Yield: 256 mg, 44%. 1H NMR (500 MHz, CDCl3) δ 7.13 (t, J = 8 Hz, 1 
H), 6.63 (ddd, J = 8.2, 2.6, 0.9 Hz, 1H), 6.61 – 6.58 (m, 1H), 6.55 (t, J = 2.1 Hz, 1H), 3.78 
(s, 3H), 2.06 (s, 2H), 0.00 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 159.64, 142.33, 129.13, 
120.85, 113.99, 109.29, 55.21, 27.36, -1.69. 
Following Method B, a solution of 2-methyliodobenzene (10 mmol, 2.18 g) 
and Ni(acac)2 (0.5 mmol, 128.5 mg) in THF (21 mL) was stirred for 5 min 
at room temperature. A solution of Me3SiCH2MgCl in Et2O (15.6 mmol) 
was added. Column chromatography: silica gel, gradient elution: cyclohexane; Rf = 0.51 in 
cyclohexane. Liquid. Yield: 909 mg, 51%. 1H NMR (400 MHz, CDCl3) δ 7.13 – 7.04 (m, 
2H), 7.01 – 6.95 (m, 2H), 2.23 (s, 3H), 2.10 (s, 2H), 0.01 (s, 9H). 13C NMR (101 MHz, 
CDCl3) δ 139.11, 134.67, 130.22, 128.85, 125.73, 124.16, 23.83, 20.48, -1.20. 
Following Method A, a solution of In(CH2SiMe3)3 (1.6 mmol in dry THF) 
was added to a refluxing mixture of the 4-methyliodobenzene (2 mmol, 
436 g) and Pd(PPh3)2Cl2 (0.02 mmol, 14 mg) in dry THF (8 mL). Column 
chromatography: silica gel, gradient elution: cyclohexane; Rf = 0.50 in cyclohexane. Liquid. 
Yield: 78 mg, 22%. 1H NMR (500 MHz, CDCl3) δ 7.05 (d, J = 8.0 Hz, 2H), 6.92 (d, J = 8.0 
Hz, 2H), 2.32 (s, 3H), 2.06 (s, 2H), 0.01 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 137.39, 
133.25, 128.96, 128.08, 26.58, 21.04, -1.76. 
Following Method A, a solution of In(CH2SiMe3)3 (2.0 mmol in dry THF) 
was added to a refluxing mixture of the 2-methoxyiodobenzene (5 mmol, 
1.17 g) and Pd(PPh3)2Cl2 (0.05 mmol, 35 mg) in dry THF (20 mL). Column chromatography: 
silica gel, gradient elution: cyclohexane; Rf = 0.50 in cyclohexane. Liquid. Yield: 300 mg, 
31%. 1H NMR (400 MHz, CDCl3) δ 7.10 – 7.03 (m, 1H), 6.97 (d, J = 7.4 Hz, 1H), 6.85 – 
6.78 (m, 2H), 3.78 (s, 3H), 2.09 (s, 2H), -0.03 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 156.58, 
129.57, 129.40, 125.09, 120.32, 109.96, 55.00, 20.64, -1.43. 
Following Method A, a solution of In(CH2SiMe3)3 (1.69 mmol in dry THF) 
was added to a refluxing mixture of the 1-iodonaphthalene (3 mmol, 762 
mg) and Pd(PPh3)2Cl2 (0.03 mmol, 21 mg) in dry THF (12 mL). Column 
chromatography: silica gel, gradient elution: cyclohexane; Rf = 0.30 in 
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cyclohexane. Liquid. Yield: 372 mg, 58%. 1H NMR (500 MHz, CDCl3) δ 7.95 – 7.93 (m, 
1H), 7.86 – 7.79 (m, 1H), 7.61 (d, J = 8.0 Hz, 1H), 7.50 – 7.40 (m, 2H), 7.36 (dd, J = 8.2, 
7.1 Hz, 1H), 7.17 (d, J = 7.0 Hz, 1H), 2.58 (s, 2H), 0.00 (s, 9H). 13C NMR (126 MHz, CDCl3) 
δ 137.40, 134.10, 131.85, 128.73, 125.64, 125.50, 125.40, 125.12, 124.92, 124.78, 23.62, -
1.03. 
Following Method A, a solution of In(CH2SiMe3)3 (1.69 mmol in dry 
THF) was added to a refluxing mixture of the 3-cyanoiodobenzene (3 
mmol, 687 mg) and Pd(PPh3)2Cl2 (0.03 mmol, 21 mg) in dry THF (12 
mL). Column chromatography: silica gel, gradient elution: 20:1 of cyclohexane/EtOAc; Rf 
= 0.29 in 20:1, cyclohexane/EtOAc. Liquid. Yield: 369 mg, 65%. 1H NMR (500 MHz, CDCl3) 
δ 7.37 (dt, J = 7.6, 1.4 Hz, 1H), 7.30 (t, J = 7.7 Hz, 1H), 7.27 – 7.26 (m, 1H), 7.21 (dt, J = 
7.8, 1.3 Hz, 1H), 2.12 (s, 2H), 0.00 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 142.44, 132.57, 
131.23, 129.01, 127.94, 119.42, 112.31, 27.24, -1.91. 
Following Method A, a solution of In(CH2SiMe3)3 (1.69 mmol in dry 
THF) was added to a refluxing mixture of the 3-nitroiodobenzene (3 
mmol, 747 mg) and Pd(PPh3)2Cl2 (0.03 mmol, 21 mg) in dry THF (12 
mL). Column chromatography: silica gel, gradient elution: 20:1 of cyclohexane/EtOAc; Rf 
= 0.46 in 20:1, cyclohexane/EtOAc. Liquid. Yield: 330 mg, 53%. 1H NMR (500 MHz, CDCl3) 
δ 7.95 – 7.92 (m, 1H), 7.85 (t, J = 1.7 Hz, 1H), 7.37 (t, J = 7.9 Hz, 1H), 7.32 – 7.29 (m, 1H), 
2.21 (s, 2H), 0.02 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 148.48, 143.09, 134.20, 129.04, 
122.53, 119.33, 27.42, -1.90.   
Following Method A, a solution of In(CH2SiMe3)3 (6.81 mmol in dry 
THF) was added to a refluxing mixture of 3-iodophenyl acetate (5 mmol, 
1.31 g) and Pd(PPh3)2Cl2 (0.05 mmol, 35 mg) in dry THF (20 mL). 
Column chromatography: silica gel, gradient elution: 20:1 of cyclohexane/EtOAc; Rf = 0.33 
in 20:1, cyclohexane/EtOAc. Liquid. Yield: 577 mg, 52%. 1H NMR (400 MHz, CDCl3) δ 
7.21 (t, J = 7.9 Hz, 1H), 6.85 (dt, J = 7.7, 1.0 Hz, 1H), 6.79 (ddd, J = 8.1, 2.4, 1.0 Hz, 1H), 
6.71 (t, J = 2.0 Hz, 1H), 2.28 (s, 3H), 2.09 (s, 2H), 0.00 (s, 9H). 13C NMR (126 MHz, CDCl3) 
δ 169.63, 150.78, 142.53, 129.09, 125.67, 121.15, 117.07, 27.25, 21.34, -1.81. 
Following Method A, a solution of In(CH2SiMe3)3 (4.09 mmol in dry 
THF) was added to a refluxing mixture of 3-iodophenyl acetate (5 mmol, 
1.87 g) and Pd(PPh3)2Cl2 (0.05 mmol, 35 mg) in dry THF (20 mL). 
Column chromatography: silica gel, gradient elution: 20:1 of cyclohexane/EtOAc; Rf = 0.23 
in 20:1, cyclohexane/EtOAc. Liquid. Yield: 832 mg, 50%. 1H NMR (400 MHz, CDCl3) δ 
7.70 (d, J = 8.3 Hz, 2H), 7.31 – 7.27 (m, 2H), 7.10 (t, J = 7.9 Hz, 1H), 6.85 (ddd, J = 7.7, 
1.6, 1.0 Hz, 1H), 6.70 (ddd, J = 8.1, 2.4, 1.0 Hz, 1H), 6.65 – 6.62 (m, 1H), 2.43 (s, 3H), 2.01 
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(s, 2H), -0.09 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 149.82, 145.24, 143.02, 132.75, 129.83, 
129.20, 128.65, 126.82, 121.75, 117.83, 27.17, 21.82, -1.89. 
Following Method A, a solution of In(CH2SiMe3)3 (5.45 mmol in dry 
THF) was added to a refluxing mixture of 1-(3-iodophenyl)ethanone (5 
mmol, 1.23 g) and Pd(PPh3)2Cl2 (0.05 mmol, 35 mg) in dry THF (20 mL). 
Column chromatography: silica gel, gradient elution: 10:1 of cyclohexane/EtOAc; Rf = 0.41 
in 10:1, cyclohexane /EtOAc. Liquid. Yield: 608 mg, 59%. 1H NMR (500 MHz, CDCl3) δ 
7.66 (dt, J = 7.8, 1.4 Hz, 1H), 7.59 (d, J = 1.9 Hz, 1H), 7.31 (t, J = 7.6 Hz, 1H), 7.20 (dt, J = 
7.7, 1.5 Hz, 1H), 2.58 (s, 3H), 2.15 (s, 2H). 13C NMR (101 MHz, CDCl3) δ 198.66, 141.36, 
137.26, 132.90, 128.46, 127.71, 124.37, 27.21, 26.83, -1.83. 
Following Method B, a solution of 3-methylsulfonylbromobenzene (5 
mmol, 1.175 g) and Ni(acac)2 (0.25 mmol, 64.5 mg) in THF (20 mL) was 
stirred for 5 min at room temperature. A solution of Me3SiCH2MgCl in 
Et2O (7.5 mmol) was added. Column chromatography: silica gel, gradient elution: 5:1 of 
cyclohexane/EtOAc; Rf = 0.25 in 5:1, cyclohexane /EtOAc. Solid. Yield: 1.02 g, 85%. 1H 
NMR (300 MHz, CDCl3) δ 7.65 (dt, J = 7.7, 1.4 Hz, 1H), 7.57 (t, J = 1.9 Hz, 1H), 7.41 (t, J 
= 7.7 Hz, 1H), 7.26 (dt, J = 4.7, 1.4 Hz, 1H), 3.03 (s, 3H), 2.19 (s, 2H), 0.00 (s, 9H). 13C 
NMR (101 MHz, CDCl3) δ 142.92, 140.54, 133.28, 129.24, 126.43, 123.02, 44.67, 27.49, -
1.89. 
Following Method B, a solution of ethyl 3-iodobenzoate (5 mmol, 
1.38 g) and Ni(acac)2 (0.25 mmol, 64.5 mg) in THF (20 mL) was 
stirred for 5 min at room temperature. A solution of Me3SiCH2MgCl 
in Et2O (8 mmol) was added. Column chromatography: silica gel, gradient elution: 20:1 of 
cyclohexane/EtOAc; Rf = 0.25 in 5:1, cyclohexane /EtOAc. Liquid. Yield: 820 mg, 69%. 1H 
NMR (400 MHz, CDCl3) δ 7.75 (dt, J = 7.7, 1.4 Hz, 1H), 7.68 (t, J = 2.4 Hz, 1H), 7.27 (t, J 
= 8 Hz, 1H), 7.20 – 7.14 (m, 1H), 4.36 (q, J = 7.1 Hz, 2H), 2.14 (s, 2H), 1.39 (t, J = 7.1 Hz, 
3H), -0.01 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 167.11, 141.06, 132.58, 130.50, 129.04, 
128.22, 125.35, 60.95, 27.11, 14.50, -1.82. 
Following Method B, a solution of 3,5-dichloroiodobenzene (5 mmol, 
1.364 g) and Ni(acac)2 (0.25 mmol, 64.5 mg) in THF (21 mL) was 
stirred for 5 min at room temperature. A solution of Me3SiCH2MgCl in 
Et2O (8 mmol) was added. Column chromatography: silica gel, gradient elution: cyclohexane; 
Rf = 0.62 in cyclohexane. Liquid. Yield: 846 mg, 73%. 1H NMR (500 MHz, CDCl3) δ 7.08 
(s, 1H), 6.87 (s, 2H), 2.04 (s, 2H), 0.01 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 144.46, 
134.62, 126.39, 124.32, 31.07, -1.84. 
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Following Method B, a solution of 3-trifluoromethyliodobenzene (5 
mmol, 1.36 g) and Ni(acac)2 (0.25 mmol, 64.5 mg) in THF (21 mL) was 
stirred for 5 min at room temperature. A solution of Me3SiCH2MgCl in 
Et2O (7.8 mmol) was added. Column chromatography: silica gel, gradient elution: 
cyclohexane; Rf = 0.76 in cyclohexane. Liquid. Yield: 613 mg, 53%. 1H NMR (400 MHz, 
CDCl3) δ 7.33 – 7.31 (m, 2H), 7.25 – 7.22 (m, 1H), 7.18 – 7.15 (m, 1H), 2.15 (s, 2H), 0.00 
(s, 9H). 13C NMR (101 MHz, CDCl3) δ 141.76, 131.38, 128.60, 124.60, 124.56, 120.91, 
120.87, 27.34, -1.90. 19F NMR (376 MHz, CDCl3) δ -62.40. 
Following Method B, A solution of 2-bromoiodobenzene (5 mmol, 1.41 
g) and Ni(acac)2 (0.25 mmol, 64.5 mg) in THF (21 mL) was stirred for 5 
min at room temperature. A solution of Me3SiCH2MgCl in Et2O (5 mmol) 
was added. Column chromatography: silica gel, gradient elution: cyclohexane; Rf = 0.64 in 
cyclohexane. Liquid. Yield: 620 mg, 51%. 1H NMR (500 MHz, CDCl3) δ 7.21 – 7.19 (m, 
1H), 7.15 (t, J = 1.9 Hz, 1H), 7.07 (t, J = 7.8 Hz, 1H), 6.91 (dt, J = 7.7, 1.3 Hz, 1H), 2.05 (s, 
2H), 0.00 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 143.26, 130.94, 129.77, 127.12, 126.77, 
122.42, 27.10, -1.81. 
Following Method B, A solution of 2-methyl-3-chloroiodobenzene (5 mmol, 
1.26 g) and Ni(acac)2 (0.25 mmol, 64.5 mg) in THF (21 mL) was stirred for 
5 min at room temperature. A solution of Me3SiCH2MgCl in Et2O (8 mmol) 
was added. Column chromatography: silica gel, gradient elution: 
cyclohexane; Rf = 0.65 in cyclohexane. Liquid. Yield: 704 mg, 66%.  1H NMR (500 MHz, 
CDCl3) δ 7.13 – 7.08 (m, 1H), 6.97 (t, J = 7.8 Hz, 1H), 6.90 – 6.84 (m, 1H), 2.28 (s, 3H), 
2.16 (s, 2H), 0.01 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 141.35, 135.17, 132.59, 127.43, 
126.21, 125.31, 25.16, 17.12, -1.24. 
Following Method B, A solution of 4-bromoiodobenzene (10 mmol, 2.83 
g) and Ni(acac)2 (0.5 mmol, 128 mg) in THF (40 mL) was stirred for 5 
min at room temperature. A solution of Me3SiCH2MgCl in Et2O (11 mmol) 
was added. Column chromatography: silica gel, gradient elution: cyclohexane; Rf = 0.65 in 
cyclohexane. Liquid. Yield: 1.43 g, 59%. 1H NMR (400 MHz, CDCl3) δ 7.32 (d, J = 8.4 Hz, 
2H), 6.86 (d, J = 8.2 Hz, 2H), 2.03 (s, 2H), -0.02 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 
139.74, 131.26, 129.83, 117.52, 26.78, -1.86. 
Following Method B, A solution of 2-bromoethyl-3- 
iodobenzoate (12.33 mmol, 4.38 g) and Ni(acac)2 (0.62 mmol, 158 
mg) in THF (42 mL) was stirred for 5 min at room temperature. A 
solution of Me3SiCH2MgCl in Et2O (19.7 mmol) was added. Column chromatography: silica 
gel, gradient elution: 10:1 of cyclohexane/EtOAc; Rf = 0.44 in 10:1 of cyclohexane/EtOAc. 
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Liquid. Yield: 2.29 g, 59%. 1H NMR (400 MHz, CDCl3) δ 7.78 (dt, J = 7.7, 1.4 Hz, 1H), 
7.71 (t, J = 1.8 Hz, 1H), 7.30 (t, J = 7.7 Hz, 1H), 7.23 – 7.18 (m, 1H), 4.61 (t, J = 6.1 Hz, 
2H), 3.64 (t, J = 6.2 Hz, 2H), 2.15 (s, 2H), -0.00 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 
166.53, 141.29, 133.08, 129.60, 129.22, 128.38, 125.59, 64.24, 28.98, 27.14, -1.83. 
Sodium azide (3.3 mmol, 214.5 mg) was added in DMSO (6.6 mL) 
and stirred at room temperature for 24 hours. 2-bromoethyl 3-
((trimethylsilyl)methyl)benzoate (3 mmol, 945 mg) was added 
and continued stirring at room temperature. The reaction was quenched by water after the 
starting material consumed, the aqueous layer was extracted by Et2O (10 mL×3). The 
combined organic layers was washed with water, brine, and dried over MgSO4. The product 
was used with further purification. Yield: 761 mg, 92 %. 1H NMR (300 MHz, CDCl3) δ 7.86 
– 7.73 (m, 1H), 7.71 (s, 1H), 7.30 (t, J = 7.7 Hz, 1H), 7.21 (dt, J = 7.7, 1.5 Hz, 1H), 4.54 – 
4.45 (m, 2H), 3.66 – 3.56 (m, 2H), 2.14 (s, 2H), -0.01 (s, 9H). 13C NMR (126 MHz, CDCl3) 
δ 166.74, 141.34, 133.09, 129.53, 129.25, 128.41, 125.62, 63.71, 50.19, 27.15, -1.83. 
Ethyl 3-((trimethylsilyl)methyl) benzoate was dissolved in MeOH. 
After heating to 35 ℃, KOH was added. The resulting mixture was kept 
at 35 ℃ for 20 hours. Water was added to quench the reaction, the 
aqueous layer was extracted by Et2O (10 mL×2), acidified the aqueous layer with 6 N HCl 
to pH = 2. The aqueous layer was then extracted by Et2O (10 mL×3). The combined organic 
layers were dried over Na2SO4. The product was purified by column chromatography: silica 
gel, gradient elution: 4:1 of cyclohexane/EtOAc; Rf = 0.26 in 3:1 of cyclohexane/EtOAc. 
Solid. Yield: 1.29 g, 73%. 1H NMR (500 MHz, CDCl3) δ 7.84 (dt, J = 7.7, 1.5 Hz, 1H), 7.76 
(s, 1H), 7.32 (t, J = 7.7 Hz, 1H), 7.27 – 7.23 (m, 1H), 2.16 (s, 2H), 0.01 (s, 9H). 13C NMR 
(126 MHz, CDCl3) δ 172.23, 141.33, 133.57, 129.63, 129.25, 128.42, 126.08, 27.15, -1.83. 
Following Method A, A solution of In(CH2SiMe3)3 (5.45 mmol in dry 
THF) was added to a refluxing mixture of 3-iodobenzo[b]thiophene 1,1-
dioxide (5 mmol, 1.46 g) and Pd(PPh3)2Cl2 (0.05 mmol, 35 mg) in dry 
THF (20 mL). Column chromatography: silica gel, gradient elution: 5:1 of 
cyclohexane/EtOAc; Rf = 0.21 in 4:1, cyclohexane /EtOAc. Liquid. Yield: 561 mg, 48%. 1H 
NMR (500 MHz, CDCl3) δ 7.71 (ddd, J = 7.3, 1.3, 0.6 Hz, 1H), 7.57 (td, J = 7.6, 1.3 Hz, 
1H), 7.52 (td, J = 7.5, 1.1 Hz, 1H), 7.36 (dt, J = 7.5, 0.8 Hz, 1H), 6.23 (d, J = 1.2 Hz, 1H), 
2.15 (d, J = 1.1 Hz, 2H), 0.10 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 146.40, 138.12, 133.33, 
133.12, 130.45, 122.62, 121.82, 121.00, 19.57, -1.09. 
3.5.4 Reductive ortho-Homoallenylation 
General procedure (described for a 1 mmol scale): Reactions were conducted under nitrogen 
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atmosphere. (Diacetoxyiodo)arene (1.0 mmol) was charged in a 50 mL Schlenk tube and was 
dissolved in a 3:7 mixture of CH3CN/CH2Cl2 (14 mL total). Then, 
trimethyl(homoallenyl)silane (1.5 mmol, 189 mg, 263 µL) was added and the mixture was 
cooled at -78°C in an acetone/CO2 bath. At this temperature, BF3·Et2O (1.2 mmol, 170 mg, 
148 µl) was added and the solution was allowed to stir for 3 h. After this time, the reaction 
was warmed up to room temperature and the solvent was removed by rotary evaporation. 
The product was isolated using chromatography by CombiFlash machine on silica gel eluting 
with a cyclohexane:EtOAc mixture as indicated. 
9a: Following the general procedure, thiophen-2-yl-λ3-iodanediyl diacetate (1 
mmol, 328 mg) was allowed to react with buta-2,3-dien-1-yltrimethylsilane (1.5 
mmol, 189 mg, 263 µL) and BF3 Et2O (1.2 mmol, 170 mg, 148 µL) at -78°C in 
the mixture CH3CN/CH2Cl2 (14 mL). CombiFlash column chromatography: silica gel 
(eluent: cyclohexane), Rf = 0.56 in cyclohexane. colorless oil, 197 mg, yield: 76%. 1H NMR 
(400 MHz, CDCl3) δ 7.39 (d, J = 5.4 Hz, 1H), 6.81 (d, J = 5.4 Hz, 1H), 5.21 (p, J = 6.9 Hz, 
1H), 4.73 (dt, J = 6.6, 3.0 Hz, 2H), 3.29 (dt, J = 7.1, 3.0 Hz, 2H). 13C NMR (101 MHz, CDCl3) 
δ 209.13 (CCCH2), 144.73, 130.66, 128.42, 88.37 (CCCH2), 75.91 (C-I), 74.72 (CCCH2), 
31.74 (CH2). HRMS (APCIpos) m/z calcd for C8H8IS[M+H] + 262.9386, found: 262.9385. 
FTIR (ATR, neat) cm−1: 1953 (CCC allene). 
9b: Following the general procedure, thiophen-2-yl-λ3-iodanediyl diacetate (1 
mmol, 328 mg) was allowed to react with buta-2,3-dien-1-yltrimethylsilane 
(1.5 mmol, 189 mg, 263 µL) and BF3 Et2O (1.2 mmol, 170 mg, 148 µL) at -
78°C in the mixture CH3CN/CH2Cl2 (14 mL). CombiFlash column chromatography: silica 
gel (eluent: cyclohexane), Rf = 0.48 in cyclohexane. Colorless oil, 215 mg, yield: 82%. 1H 
NMR (400 MHz, CDCl3) δ 7.15 (d, J = 5.3 Hz, 1H), 7.00 (d, J = 5.2 Hz, 1H), 5.28 (p, J = 6.9 
Hz, 1H, CHCC), 4.78 (dt, J = 6.7, 2.9 Hz, 2H, CH2 terminal), 3.49 (dt, J = 7.1, 2.9 Hz, 2H, 
CH2). 13C NMR (100 MHz, CDCl3) δ 209.22 (CCCH2), 141.81, 134.91, 125.30, 88.36 
(CCCH2), 79.80 (C-I), 76.47 (CCCH2), 31.66 (CH2). HRMS (APCIpos) m/z calcd for 
C8H8IS[M+H] + 262.9378, found: 262.9386. FTIR (ATR, neat) cm−1: 1953 (CCC allene). 
9c: Reaction conducted on a 0.5 mmol scale. Following the general procedure, 
naphthalen-2-yl-λ3-iodanediyl diacetate (0.5 mmol, 186 mg) was allowed to react 
with buta-2,3-dien-1-yltrimethylsilane (0.75 mmol, 100 mg, 121 µL) and BF3 
Et2O (0.6 mmol, 85 mg, 74 µL) at -78°C in the mixture CH3CN/CH2Cl2 (14 mL). 
CombiFlash column chromatography: silica gel (eluent: cyclohexane), Rf = 0.67 in 
cyclohexane. Pale yellow oil, 110 mg, yield: 72%. 1H NMR (500 MHz, CDCl3) δ 8.09 (d, J 
= 8.8, 1H), 7.88 (d, J = 8.7 Hz, 1H), 7.81 (dd, J = 7.9, 1.7 Hz, 1H), 7.57 – 7.48 (m, 2H), 7.42 
(d, J = 8.7 Hz, 1H), 5.34 (p, J = 6.7 Hz, 1H, CHCC), 4.69 (dt, J = 6.6, 3.3 Hz, 2H, CCCH2 
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terminal), 4.04 (dt, J = 6.7, 3.3 Hz, 2H, CH2). 13C NMR (126 MHz, CDCl3) δ 209.14 
(CCCH2), 139.04, 136.22, 133.49, 132.54, 128.73, 128.52, 126.94, 126.14, 124.87, 99.81 
(C-I), 88.03 (CCCH2), 76.22 (CCCH2), 37.10 (CH2). HRMS (APCIpos) m/z calcd for 
C14H12I[M+H] + 39978, found: 399.9973. FTIR (ATR, neat) cm−1: 1951 (CCC allene). 
9d: Following the general procedure, 3-iodoanisole diacetate (1 mmol, 
352 mg) was allowed to react with buta-2,3-dien-1-yltrimethylsilane (1.5 
mmol, 189 mg, 263 µL) and BF3 Et2O (1.2 mmol, 170 mg, 148 µL) at -
78°C in the mixture CH3CN/CH2Cl2 (14 mL). GC analysis reveals a 84:16 o:p. CombiFlash 
column chromatography: silica gel (eluent: pentane), Rf = 0.47 in pentane. The total yield 
was obtained from two fractions, one with pure product (165 mg, 58%) and another mixing 
with para-homoallene 3-iodoanisole. Pale yellow oil, 206 mg, total yield: 72%. Major: 1H 
NMR (400 MHz, CDCl3) δ 7.37 (d, J = 2.6 Hz, 1H), 7.16 (d, J = 8.5 Hz, 1H), 6.86 (dd, J = 
8.5, 2.7 Hz, 1H), 5.24 (p, J = 6.9 Hz, 1H, CHCC), 4.69 (dt, J = 6.6, 3.0 Hz, 2H, CCCH2 
terminal), 3.77 (s, 3H, OCH3), 3.40 (dt, J = 7.2, 3.0 Hz, 2H, CH2). 13C NMR (101 MHz, 
CDCl3) δ 209.20 (CCCH2), 158.36, 135.07, 129.76, 124.47, 114.56, 100.34 (C-I), 88.97 
(CCCH2), 75.73 (CCCH2), 55.62 (OCH3), 39.09 (CH2). Minor: 1H NMR (400 MHz, CDCl3) 
δ 7.24 (dd, J = 7.8, 1.7 Hz, 1H), 7.13 (d, J = 1.6 Hz, 1H), 6.91 (d, J = 7.9 Hz, 1H), 5.24 (p, J 
= 7.0 Hz, 1H, CHCC), 4.67 (dt, J = 6.7, 2.9 Hz, 2H, CCCH2 terminal), 3.81 (s, 3H, OCH3), 
3.27 (dt, J = 7.3, 2.9 Hz, 2H, CH2). 13C NMR (101 MHz, CDCl3) δ 209.20 (CCCH2), 157.98, 
131.31, 129.77, 128.82, 119.74, 91.62 (C-I), 88.43 (CCCH2), 75.20 (CCCH2), 55.76 (OCH3), 
29.27 (CH2). HRMS (APCIpos) m/z calcd for C11H12IO[M+H] + 286.9927, found: 286.9935. 
FTIR (ATR, neat) cm−1: 1953 (CCC allene). 
9e: Following the general procedure, (4-bromo-3-methoxyphenyl) -l-
iodanediyl diacetate (1 mmol, 431 mg) was allowed to react with buta-
2,3-dien-1-yltrimethylsilane (1.5 mmol, 210 mg, 263 µL) and BF3 Et2O 
(1.2 mmol, 170 mg, 148 µL) at -78°C in the mixture CH3CN/CH2Cl2 (14 
mL). CombiFlash column chromatography: silica gel (eluent: cyclohexane), Rf = 0.44 in 
cyclohexane. Pale yellow oil, 163 mg, yield: 41%.1H NMR (400 MHz, CDCl3)  7.40 (s, 
1H), 7.28 (s, 1H), 5.21 (p, J = 6.8 Hz, 1H), 4.71 (dt, J = 6.6, 3.0 Hz, 2H, CH2 terminal), 3.86 
(s, 3H, OCH3), 3.36 (dt, J = 7.1, 3.0 Hz, 2H, CH2). 13C NMR (100 MHz, CDCl3)  209.30 
(CCCH2), 154.73, 136.68, 133.32, 122.57, 112.00, 98.51 (C-I), 88.41 (CCCH2), 76.09 
(CCCH2), 56.67 (OCH3), 38.98 (CH2). HRMS (APCIpos) m/z calcd for C11H11BrIO[M+H] + 
364.9033, found: 364.9023. FTIR (neat) cm−1: 1953 (CCC allene). 
3.5.5 Reductive para-Benzylation. 
General procedure (described for a 0.5 mmol scale): Reactions were conducted under 
nitrogen atmosphere. (Diacetoxyiodo)arene (0.5 mmol) was charged in a 20 mL Schlenk tube 
I
•
Br
MeO
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and was dissolved in a 3:7 mixture of CH3CN/CH2Cl2 (7 mL total). Then, 
benzyltrimethylsilane (0.75 mmol) was added and the mixture was cooled at -78°C in an 
acetone/CO2 bath. At this temperature, BF3·Et2O (0.6 mmol, 85 mg, 75 µl) was added and 
the solution was allowed to stir for 3 h. After this time, the reaction was warmed up to room 
temperature and the solvent was removed by rotary evaporation. The product was isolated 
using chromatography by CombiFlash machine on silica gel eluting with a 
cyclohexane:EtOAc mixture as indicated. 
12fa: Following the general procedure, BF3·Et2O (0.6 mmol, 85.2 mg) was 
added to a premixed CH2Cl2 and MeCN solution (3.5 mL) of PIDA (0.5 
mmol, 161 mg) and benzyltrimethylsilane (0.75 mmol, 123 mg). Column 
chromatography: silica gel, gradient elution: cyclohexane; Rf = 0.52, cyclohexane. 
Coloreless oil. Yield: 113 mg, 77%. 1H NMR (500 MHz, CDCl3) δ 7.68 (pseudo d, J = 8.3 
Hz, 2H), 7.40 – 7.34 (m, 2H), 7.32 – 7.27 (m, 1H), 7.25 – 7.23 (m, 2H), 7.01 (pseudo d, J = 
8.2 Hz, 2H), 3.98 (s, 2H, CH2). 13C NMR (126 MHz, CDCl3) δ 140.84, 140.45, 137.57, 
131.09, 128.95, 128.66, 126.39, 91.44(C-I), 41.50.  
12da: Following the general procedure, BF3·Et2O (0.6 mmol, 85.2 mg) 
was added to a premixed CH2Cl2 and MeCN solution (3.5 mL) of 
diacetoxyiodo-3-methoxybenzene (0.5 mmol, 176 mg) and benzylsilane 
(0.75 mmol, 123 mg). Column chromatography: silica gel, gradient elution: 
cyclohexane; Rf = 0.19, cyclohexane. White solid. Yield: 133 mg, 82%. 1H NMR (400 MHz, 
CDCl3) δ 7.40 – 7.34 (m, 2H), 7.33 – 7.24 (m, 5H, Bn), 6.88 (dd, J = 7.9, 0.7 Hz, 1H), 4.01 
(s, 2H, CH2), 3.88 (s, 3H, OMe). 13C NMR (101 MHz, CDCl3) δ 157.96, 140.34, 131.87, 
129.74, 129.69, 128.96, 128.43, 126.07, 119.80, 91.64(C-I), 55.70, 35.63. HRMS (ESI+) m/z 
calcd for C14H13IO [M]+ 324.0006, found: 324.0012. 
12ja: Following the general procedure, BF3·Et2O (0.6 mmol, 85.2 mg) 
was added to a premixed CH2Cl2 and MeCN solution (3.5 mL) of 
diacetoxyiodo-2-methylbenzene (0.5 mmol, 168 mg) and benzylsilane 
(0.75 mmol, 123 mg). Column chromatography: silica gel, gradient elution: cyclohexane; Rf 
= 0.61, cyclohexane. Yellow oil. Yield: 113 mg, 84%. 1H NMR (400 MHz, CDCl3) δ 7.82 (d, 
J = 8.0 Hz, 1H), 7.46 – 7.38 (m, 2H, Bn), 7.36 – 7.31 (m, 1H, Bn), 7.33 – 7.30 (m, 2H, Bn), 
7.21 – 7.18 (m, 1H), 6.82 (ddd, J = 8.1, 2.2, 0.8 Hz, 1H), 4.01 (s, 2H, CH2), 2.51 (s, 3H, Me). 
13C NMR (101 MHz, CDCl3) δ 141.45, 141.40, 140.63, 139.00, 130.61, 128.93, 128.63, 
128.27, 126.33, 98.29(C-I), 41.44, 28.13. HRMS (ESI+) m/z calcd for C14H12I [M-H]+ 
306.9978, found: 306.9973。 
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12ga: Following the general procedure, BF3·Et2O (0.6 mmol, 85.2 mg) 
was added to a premixed CH2Cl2 and MeCN solution (3.5 mL) of 
diacetoxyiodo-3-benzyl-(3-iodophenyl)carbamate (0.5 mmol, 236 mg) 
and benzylsilane (0.75 mmol, 123 mg). Column chromatography: silica 
gel, gradient elution: 10:1 in cyclohexane/EtOAc; Rf = 0.38, in 10: 1 of cyclohexane/EtOAc. 
White solid. Yield: 194 mg, 88%. 1H NMR (400 MHz, CDCl3) δ 8.24 (s, 1H), 7.45 (dd, J = 
8.0, 1.8 Hz, 1H), 7.43 – 7.34 (m, 5H), 7.33 – 7.24 (m, 3H), 7.18 – 7.10 (m, 2H), 6.91 (d, J = 
8.0 Hz, 1H), 6.45 (s, 1H), 5.17 (s, 2H), 3.92 (s, 2H). 13C NMR (101 MHz, CDCl3) δ 153.45, 
138.11, 137.14, 136.01, 133.54, 132.24, 129.07, 128.67, 128.63, 128.48, 128.40, 128.22, 
126.97, 92.24(C-I), 67.19, 37.74. HRMS (ESI+) m/z calcd for C21H18INNaO2 [M+Na]+ 
466.0274, found: 466.0275 
12ha: Following the general procedure, BF3·Et2O (0.6 mmol, 85.2 mg) 
was added to a premixed CH2Cl2 and MeCN solution (3.5 mL) of 
diacetoxyiodo-3,5-dimethylbenzene (0.5 mmol, 175 mg) and benzylsilane 
(0.75 mmol, 123 mg). Column chromatography: silica gel, gradient elution: 
cyclohexane; Rf = 0.56, cyclohexane. Colorless oil. Yield: 159 mg, 98%. 1H NMR (400 MHz, 
CDCl3) δ 7.48 (s, 2H), 7.32 – 7.26 (m, 2H, Bn), 7.25 – 7.18 (m, 1H, Bn), 7.09 – 7.00 (m, 2H, 
Bn), 4.04 (s, 2H, CH2), 2.24 (s, 6H, Me). 13C NMR (101 MHz, CDCl3) δ 139.66, 139.08, 
136.89, 136.80, 128.60, 127.88, 126.08, 91.85(C-I), 34.88, 19.93. HRMS (ESI+) m/z calcd 
for C15H15I [M]+ 322.0213, found: 322.0211. 
12ia: Following the general procedure, BF3·Et2O (0.6 mmol, 85.2 mg) 
was added to a premixed CH2Cl2 and MeCN solution (3.5 mL) of 
diacetoxyiodo-1-naphthalene (0.5 mmol, 186 mg) and benzylsilane (0.75 
mmol, 123 mg). Column chromatography: silica gel, gradient elution: 
50:1 of cyclohexane/EtOAc; Rf = 0.58, in 50:1 of cyclohexane/EtOAc. Yellow solid. Yield: 
149 mg, 87%. 1H NMR (400 MHz, CDCl3) δ 8.24 – 8.19 (m, 1H), 8.08 (d, J = 7.5 Hz, 1H), 
8.02 – 7.98 (m, 1H), 7.60 (ddd, J = 8.4, 6.8, 1.3 Hz, 1H), 7.53 (ddd, J = 8.3, 6.8, 1.4 Hz, 1H), 
7.36 – 7.30 (m, 2H), 7.28 – 7.20 (m, 3H), 7.05 (d, J = 7.5 Hz, 1H), 4.47 (s, 2H). 13C NMR 
(101 MHz, CDCl3) δ 140.09, 137.93, 137.32, 134.57, 133.10, 128.79, 128.67, 128.65, 128.57, 
127.51, 126.99, 126.38, 124.97, 98.45, 38.98. HRMS (ESI+) m/z calcd for C17H13I [M]+ 
344.0056, found: 344.0052. 
12ka: Following the general procedure, BF3·Et2O (0.6 mmol, 85.2 mg) 
was added to a premixed CH2Cl2 and MeCN solution (3.5 mL) of 
diacetoxyiodo-2,6-dimethylbenzene (0.5 mmol, 175 mg) and 
benzylsilane (0.75 mmol, 123 mg). Column chromatography: silica gel, gradient elution: 
cyclohexane; Rf = 0.6, cyclohexane. Colorless oil. Yield: 109 mg, 68%. 1H NMR (400 MHz, 
I
UNIVERSITAT ROVIRA I VIRGILI 
HYPERVALENT IODINE AS DIRECTING TOOL IN IODINE-RETENTIVE TRANSFORMATION OF C-H BONDS 
Yichen Wu 
 
 99 
 
CDCl3) δ 7.41 – 7.32 (m, 2H), 7.31 – 7.22 (m, 3H), 6.97 (s, 2H), 3.94 (s, 2H), 2.51 (s, 6H). 
13C NMR (101 MHz, CDCl3) δ 142.15, 140.82, 140.68, 128.96, 128.64, 127.82, 126.30, 
105.55, 41.34, 29.72. HRMS (ESI+) m/z calcd for C15H15I [M]+ 322.0213, found: 322.0217. 
12la: Following the general procedure, TMSOTf (0.24 mmol, 53.3 mg) 
was added to a premixed CH2Cl2 and MeCN solution (3.5 mL) of 
diacetoxyiodo-3-bromobenzene (0.2 mmol, 80 mg) and benzylsilane (0.3 
mmol, 49 mg). Column chromatography: silica gel, gradient elution: cyclohexane; Rf = 0.5, 
cyclohexane. Colorless oil. Yield: 51 mg, 68%. 1H NMR (500 MHz, CDCl3) δ 7.96 (d, J = 
1.8 Hz, 1H), 7.57 (dd, J = 8.1, 1.8 Hz, 1H), 7.37 – 7.31 (m, 2H), 7.29 – 7.24 (m, 1H), 7.23 – 
7.18 (m, 2H), 6.89 (d, J = 8.1 Hz, 1H), 4.09 (s, 2H). 13C NMR (126 MHz, CDCl3) δ 140.78, 
140.36, 138.93, 136.65, 132.61, 129.07, 128.72, 126.61, 91.63, 41.46, 27.07. HRMS (ESI+) 
m/z calcd for C13H10BrI [M]+ 371.9005, found: 371.8998. 
12na: Following the general procedure, BF3·Et2O (0.6 mmol, 85.2 mg) 
was added to a premixed CH2Cl2 and MeCN solution (3.5 mL) of 
diacetoxyiodo-2-bromo- 5-methylbenzene (0.5 mmol, 208 mg) and 
benzylsilane (0.75 mmol, 123 mg). Column chromatography: silica gel, 
gradient elution: cyclohexane; Rf = 0.39, cyclohexane. White solid. Yield: 160 mg, 83%. 1H 
NMR (400 MHz, CDCl3) δ 7.71 (s, 1H), 7.40 (s, 1H), 7.37 – 7.32 (m, 2H), 7.30 – 7.24 (m, 
1H), 7.17 – 7.14 (m, 2H), 3.94 (s, 2H), 2.19 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 141.57, 
141.25, 138.88, 137.76, 133.74, 128.69, 126.77, 126.47, 98.34, 38.95, 18.86. HRMS (ESI+) 
m/z calcd for C14H12BrI [M]+ 385.9162, found: 385.9156. 
15oa: Following the general procedure, BF3·Et2O (0.6 mmol, 85.2 mg) 
was added to a premixed CH2Cl2 and MeCN solution (3.5 mL) of 
diacetoxyiodo-4-methylbenzene (0.5 mmol, 168 mg) and benzylsilane 
(0.75 mmol, 123 mg). Column chromatography: silica gel, gradient elution: cyclohexane; Rf 
= 0.56, cyclohexane. Colorless oil. Yield: 80 mg, 52%. 1H NMR (500 MHz, CDCl3) δ 7.56 
– 7.52 (m, 2H), 7.38 – 7.33 (m, 3H), 7.29 – 7.24 (m, 1H), 7.18 – 7.16 (m, 2H), 6.96 (d, J = 
7.8 Hz, 1H), 3.98 (s, 2H), 2.25 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 141.56, 139.56, 138.66, 
136.45, 135.59, 132.33, 128.74, 128.62, 126.31, 91.09, 39.23, 19.43. 
15pa: Following the general procedure, BF3·Et2O (0.6 mmol, 85.2 mg) 
was added to a premixed CH2Cl2 and MeCN solution (3.5 mL) of 
diacetoxyiodo-2,4,6-trimethylbenzene (0.5 mmol, 182 mg) and 
benzylsilane (0.75 mmol, 123 mg). Column chromatography: silica gel, 
gradient elution: cyclohexane; Rf = 0.43, cyclohexane. White solid. Yield: 167 mg, 98%. 1H 
NMR (500 MHz, CDCl3) δ 7.35 – 7.32 (m, 2H), 7.28 – 7.25 (m, 1H), 7.15 – 7.06 (m, 3H), 
4.23 (s, 2H), 2.57 (s, 3H), 2.55 (s, 3H), 2.30 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 140.42, 
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140.20, 139.49, 136.94, 134.93, 129.53, 128.56, 127.86, 126.01, 107.49, 36.70, 30.20, 27.05, 
26.93, 20.14. HRMS (ESI+) m/z calcd for C16H17I [M]+ 336.0369, found: 336.0379. 
11aa: Following the general procedure, BF3·Et2O (0.6 mmol, 85.2 mg) was 
added to a premixed CH2Cl2 and MeCN solution (3.5 mL) of diacetoxyiodo-
2-thiophene (0.5 mmol, 164 mg) and benzylsilane (0.75 mmol, 123 mg). 
Column chromatography: silica gel, gradient elution: cyclohexane; Rf = 0.65, cyclohexane. 
Yellow oil. Yield: 92 mg, 61%. 1H NMR (400 MHz, CDCl3) δ 7.39 – 7.35 (m, 2H), 7.32 – 
7.27 (m, 3H), 7.11 (d, J = 3.6 Hz, 1H), 6.55 (d, J = 3.6 Hz, 1H), 4.17 (s, 2H). 13C NMR (101 
MHz, CDCl3) δ 150.41, 139.63, 136.74, 128.70, 128.61, 126.89, 126.78, 71.01, 36.32. 
HRMS (ESI+) m/z calcd for C11H10IS [M + H]+ 300.9542, found: 300.9550. 
12fb: Following the general procedure, BF3·Et2O (0.6 mmol, 85.2 mg) 
was added to a premixed CH2Cl2 and MeCN solution (3.5 mL) of 
diacetoxyiodobenzene (0.5 mmol, 161 mg) and 3-
bromobenzyltrimethylsilane (0.75 mmol, 182 mg). Column chromatography: silica gel, 
gradient elution: cyclohexane; Rf = 0.55, cyclohexane. Colorless oil. Yield: 133 mg, 71%. 
1H NMR (400 MHz, CDCl3) δ 7.63 (d, J = 8.3 Hz, 2H), 7.37 (d, J = 7.9 Hz, 1H), 7.33 (s, 
1H), 7.17 (t, J = 7.7 Hz, 1H), 7.12 – 7.07 (m, 1H), 6.93 (d, J = 8.3 Hz, 2H), 3.89 (s, 2H). 13C 
NMR (101 MHz, CDCl3) δ 142.77, 139.88, 137.73, 131.93, 131.05, 130.20, 129.56, 127.59, 
122.76, 91.82, 41.08. HRMS (ESI+) m/z calcd for C13H10BrI [M]+ 371.9005, found: 
371.9010. 
12fc: Following the general procedure, BF3·Et2O (0.24 mmol, 34 mg) was 
added to a premixed CH2Cl2 and MeCN solution (1.5 mL) of 
diacetoxyiodobenzene (0.2 mmol, 64.4 mg) and 2-fluorobenzyl 
trimethylsilane (0.3 mmol, 54.6 mg). Column chromatography: silica gel, gradient elution: 
cyclohexane; Rf = 0.41, cyclohexane. Colorless oil. Yield: 60 mg, 63%. 1H NMR (400 MHz, 
CDCl3) δ 7.66 – 7.58 (m, 2H), 7.24 – 7.18 (m, 1H), 7.13 (td, J = 7.7, 1.9 Hz, 1H), 7.09 – 7.02 
(m, 2H), 6.99 – 6.94 (m, 2H), 3.94 (d, J = 1.3 Hz, 2H). 13C NMR (126 MHz, CDCl3) δ 161.03 
(d, J = 245.7 Hz), 139.68, 137.68, 131.04 (d, J = 4.6 Hz), 130.96, 128.36 (d, J = 8.0 Hz), 
127.51 (d, J = 15.8 Hz), 124.31 (d, J = 3.7 Hz), 115.56 (d, J = 21.9 Hz), 91.60, 34.56 (d, J = 
3.1 Hz). 19F NMR (376 MHz, CDCl3) δ -117.82. HRMS (ESI+) m/z calcd for C13H10FI [M]+ 
311.9806, found: 311.9814. 
12fd: Following the general procedure, BF3·Et2O (0.6 mmol, 85.2 mg) 
was added to a premixed CH2Cl2 and MeCN solution (3.5 mL) of 
diacetoxyiodobenzene (0.5 mmol, 161 mg) and 3,5-dichloro 
benzyltrimethylsilane (0.75 mmol, 175 mg). Column chromatography: 
silica gel, gradient elution: cyclohexane; Rf = 0.49, cyclohexane. White solid. Yield: 60 mg, 
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36%. 1H NMR (500 MHz, CDCl3) δ 7.64 (d, J = 8.3 Hz, 2H), 7.21 (t, J = 1.9 Hz, 1H), 7.03 
(d, J = 1.9 Hz, 2H), 6.91 (d, J = 8.2 Hz, 2H), 3.86 (s, 2H). 13C NMR (126 MHz, CDCl3) δ 
143.85, 139.06, 137.97, 135.17, 131.08, 127.46, 126.79, 100.13, 92.16, 40.92. HRMS (ESI+) 
m/z calcd for C13H9Cl2I [M]+ 361.9121, found: 361.9126. 
12fe: Following the general procedure, BF3·Et2O (0.6 mmol, 85.2 
mg) was added to a premixed CH2Cl2 and MeCN solution (3.5 mL) 
of diacetoxyiodobenzene (0.5 mmol, 161 mg) and ethyl 3-
((trimethylsilyl)methyl) benzoate (0.75 mmol, 177 mg). Column chromatography: silica gel, 
gradient elution: 20:1 of cyclohexane/EtOAc; Rf = 0.16, 20:1 of cyclohexane/EtOAc. 
Colorless oil. Yield: 124 mg, 69%. 1H NMR (400 MHz, CDCl3) δ 7.95 – 7.84 (m, 2H), 7.64 
– 7.57 (m, 2H), 7.41 – 7.30 (m, 2H), 6.96 – 6.88 (m, 2H), 4.37 (q, J = 7.1 Hz, 2H), 3.95 (s, 
2H), 1.39 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 166.54, 140.71, 140.21, 137.65, 
133.37, 130.97, 130.87, 129.97, 128.66, 127.65, 91.63, 61.04, 41.22, 14.42. HRMS (ESI+) 
m/z calcd for C16H15INaO2 [M + Na]+ 389.0009, found: 389.0002. 
12ff: Following the general procedure, BF3·Et2O (0.6 mmol, 85.2 mg) 
was added to a premixed CH2Cl2 and MeCN solution (3.5 mL) of 
diacetoxyiodobenzene (0.5 mmol, 161 mg) and ethyl 3-
((trimethylsilyl)methyl)phenyl acetate (0.75 mmol, 167 mg). Column chromatography: silica 
gel, gradient elution: 20:1 of cyclohexane/EtOAc; Rf = 0.2, 20:1 of cyclohexane/EtOAc. 
White solid. Yield: 80 mg, 45%. 1H NMR (400 MHz, CDCl3) δ 7.63(d, J = 7.9 Hz, 2H), 7.31 
(t, J = 7.9, 1.2Hz, 1H), 7.07 – 7.02 (m, 1H), 6.99 – 6.92 (m, 3H), 6.89 (d, J = 2.1 Hz, 1H), 
3.93 (s, 2H), 2.28 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 169.48, 150.94, 142.16, 140.10, 
137.67, 131.16, 129.55, 126.41, 122.03, 119.62, 91.65, 41.15, 21.23. HRMS (ESI+) m/z 
calcd for C15H13INaO2 [M + Na]+ 374.9852, found: 374.9848. 
12fg: Following the general procedure, BF3 • Et2O  (0.6 mmol, 85.2 
mg) was added to a premixed CH2Cl2 and MeCN solution (3.5 mL) of 
diacetoxyiodobenzene (0.5 mmol, 161 mg) and 3-((trimethylsilyl) 
methyl)phenyl 4-methylbenzenesulfonate (0.75 mmol, 167 mg). Column chromatography: 
silica gel, gradient elution: 10:1 of cyclohexane/EtOAc; Rf = 0.25, 10:1 of 
cyclohexane/EtOAc. Colorless oil. Yield: 180 mg, 78%. 1H NMR (500 MHz, CDCl3) δ 7.67 
(d, J = 8.3 Hz, 2H), 7.60 (d, J = 8.3 Hz, 2H), 7.28 (d, J = 8.1 Hz, 2H), 7.24 (t, J = 7.9 Hz, 
1H), 7.07 (d, J = 7.6, 1.2 Hz, 1H), 6.94 – 6.89 (m, 1H), 6.83 (d, J = 8.2 Hz, 2H), 6.74 (d, J = 
2.0 Hz, 1H), 3.85 (s, 2H), 2.47 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 149.87, 145.36, 142.40, 
139.79, 137.59, 132.41, 130.94, 129.75, 128.49, 127.66, 122.70, 120.43, 91.64, 40.95, 21.85. 
HRMS (ESI+) m/z calcd for C20H17INaO3S [M + Na]+ 486.9835, found: 486.9840. 
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12fh: Following the general procedure, Tf2O (0.6 mmol, 169 mg) was 
added to a premixed CH2Cl2 and MeCN solution (3.5 mL) of 
diacetoxyiodobenzene (0.5 mmol, 161 mg) and 3-trifluoromethyl 
benzyltrimethylsilane (0.75 mmol, 174 mg). Column chromatography: silica gel, gradient 
elution: cyclohexane; Rf = 0.38, cyclohexane. Colorless oil. Yield: 80 mg, 44%. 1H NMR 
(500 MHz, CDCl3) δ 7.67 – 7.60 (m, 2H), 7.49 (d, J = 7.8 Hz, 1H), 7.45 (s, 1H), 7.41 (t, J = 
7.7 Hz, 1H), 7.34 (d, J = 7.7 Hz, 1H), 6.96 – 6.91 (m, 2H), 3.98 (s, 2H). 13C NMR (126 MHz, 
CDCl3) δ 141.43, 139.78, 137.87, 132.37, 131.07, 131.04 (q, J = 21.5 Hz), 129.16, 125.64 
(q, J = 3.8 Hz), 124.25 (q, J = 216.5 Hz), 123.40 (q, J = 3.8 Hz), 91.91, 41.28. 19F NMR (376 
MHz, CDCl3) δ -62.29. HRMS (ESI+) m/z calcd for C14H10F3I [M]+ 361.9774, found: 
361.9774. 
12fi: Following the general procedure, BF3·Et2O (0.6 mmol, 85.2 mg)  
was added to a premixed CH2Cl2 and MeCN solution (3.5 mL) of 
diacetoxyiodobenzene (0.5 mmol, 161 mg) and 1-(3-((trimethylsilyl) 
methyl)phenyl) ethan-1-one (0.75 mmol, 155 mg). Column chromatography: silica gel, 
gradient elution: 10:1 of cyclohexane/EtOAc; Rf = 0.26, 10:1 of cyclohexane/EtOAc. 
Colorless oil. Yield: 100 mg, 59%. 1H NMR (500 MHz, CDCl3) δ 7.81 – 7.79 (m, 2H), 7.59 
(d, J = 8.0 Hz, 2H), 7.40 – 7.33 (m, 2H), 6.93 (d, J = 8.0 Hz, 2H), 3.96 (s, 2H), 2.57 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 198.10, 141.04, 140.13, 137.70, 137.51, 133.65, 130.98, 
128.91, 128.56, 126.63, 91.70, 41.29, 26.76. HRMS (ESI+) m/z calcd for C15H14IO [M + H]+ 
337.0084, found: 337.0086. 
12fj: Following the general procedure, Tf2O (0.6 mmol, 169 mg) 
was added to a premixed CH2Cl2 and MeCN solution (3.5 mL) of 
diacetoxyiodobenzene (0.5 mmol, 161 mg) and 3-methylsulfonyl 
benzyl trimethylsilane (0.75 mmol, 182 mg). Column chromatography: silica gel, gradient 
elution: 5:1 of cyclohexane/EtOAc; Rf = 0.14, 5:1 of cyclohexane/EtOAc. White solid. Yield: 
86 mg, 46%. 1H NMR (500 MHz, CDCl3) δ 7.81 – 7.73 (m, 2H), 7.65 – 7.56 (m, 2H), 7.48 
(t, J = 7.7 Hz, 1H), 7.44 – 7.40 (m, 1H), 6.92 (d, J = 8.3 Hz, 2H), 3.99 (s, 2H), 3.03 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 142.36, 140.95, 139.27, 137.88, 134.22, 131.01, 129.73, 
127.47, 125.44, 92.04, 44.55, 41.16. HRMS (ESI+) m/z calcd for C14H13INaO2S [M + Na]+ 
394.9573, found: 394.9571. 
12fk: Following the general procedure, TfOH (0.6 mmol, 90 mg) 
was added to a premixed CH2Cl2 and MeCN solution (3.5 mL) of 
diacetoxyiodobenzene (0.5 mmol, 161 mg) and 3-((trimethylsilyl) 
methyl)benzoic acid (0.75 mmol, 156 mg). Column chromatography: 
silica gel, gradient elution: 3:1 of cyclohexane/EtOAc; Rf = 0.14, 3:1 of cyclohexane/EtOAc. 
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White solid. Yield: 83 mg, 49%. 1H NMR (500 MHz, CDCl3) δ 7.98 (td, J = 4.7, 1.7 Hz, 1H), 
7.94 (d, J = 1.6 Hz, 1H), 7.62 (d, J = 8.3 Hz, 2H), 7.43 – 7.37 (m, 2H), 6.98 – 6.91 (m, 2H), 
3.99 (s, 2H). 13C NMR (126 MHz, CDCl3) δ 172.28, 141.10, 140.11, 137.83, 134.49, 131.08, 
130.66, 129.73, 128.95, 128.46, 91.80, 41.29. HRMS (ESI+) m/z calcd for C14H10IO2 [M – 
H]- 336.9731, found: 336.9729. 
12fl: Following the general procedure, Tf2O (0.6 mmol, 169 mg) was 
added to a premixed CH2Cl2 and MeCN solution (3.5 mL) of 
diacetoxyiodobenzene (0.5 mmol, 161 mg) and 3-cyanobenzyl 
trimethylsilane (0.75 mmol, 142 mg). Column chromatography: silica gel, gradient elution: 
20:1 of cyclohexane/EtOAc; Rf = 0.14, 20:1 of cyclohexane/EtOAc. White solid. Yield: 51 
mg, 32%. 1H NMR (500 MHz, CDCl3) δ 7.66 – 7.59 (m, 2H), 7.51 – 7.49 (m, 1H), 7.43 (s, 
1H), 7.40 – 7.38 (m, 2H), 6.91 (d, J = 8.2 Hz, 2H), 3.94 (s, 2H). 13C NMR (126 MHz, CDCl3) 
δ 141.96, 139.14, 137.91, 133.41, 132.34, 131.01, 130.22, 129.46, 118.83, 112.73, 92.09, 
40.94. HRMS (ESI+) m/z calcd for C14H10INNa [M + Na]+ 341.9750, found: 341.9756. 
12fm: Following the general procedure, Tf2O (0.6 mmol, 169 mg) 
was added to a premixed CH2Cl2 and MeCN solution (3.5 mL) of 
diacetoxyiodobenzene (0.5 mmol, 161 mg) and 3-
nitrobenzyltrimethylsilane (0.75 mmol, 157 mg). Column chromatography: silica gel, 
gradient elution: 20:1 of cyclohexane/EtOAc; Rf = 0.24, 20:1 of cyclohexane/EtOAc. White 
solid. Yield: 41 mg, 24%. 1H NMR (500 MHz, CDCl3) δ 8.09 – 8.05 (m, 1H), 8.03 (td, J = 
1.6, 0.8 Hz, 1H), 7.67 – 7.61 (m, 2H), 7.52 – 7.43 (m, 2H), 6.98 – 6.90 (m, 2H), 4.02 (s, 2H). 
13C NMR (126 MHz, CDCl3) δ 148.56, 142.56, 139.12, 138.00, 135.10, 131.03, 129.61, 
123.76, 121.68, 92.20, 41.08. HRMS (ESI+) m/z calcd for C13H10INO2 [M]+ 338.9751, found: 
338.9752. 
12fn: Following the general procedure, TfOH (0.6 mmol, 90 
mg) was added to a premixed CH2Cl2 and MeCN solution (3.5 
mL) of diacetoxyiodobenzene (0.5 mmol, 161 mg) and 2-
bromoethyl 3-((trimethylsilyl)methyl) benzoate (0.75 mmol, 236 mg). Column 
chromatography: silica gel, gradient elution: 10:1 of cyclohexane/EtOAc; Rf = 0.39, 10:1 of 
cyclohexane/EtOAc. Yellow solid. Yield: 90 mg, 41%. 1H NMR (400 MHz, CDCl3) δ 7.96 
– 7.92 (m, 1H), 7.90 (s, 1H), 7.64 – 7.57 (m, 2H), 7.43 – 7.33 (m, 2H), 6.99 – 6.89 (m, 2H), 
4.61 (t, J = 6.1 Hz, 2H), 3.97 (s, 2H), 3.63 (t, J = 6.1 Hz, 2H). 13C NMR (101 MHz, CDCl3) 
δ 166.04, 140.96, 140.10, 137.72, 133.88, 131.02, 130.18, 130.00, 128.85, 127.90, 91.73, 
64.30, 41.22, 28.89. HRMS (ESI+) m/z calcd for C16H14BrINaO2 [M + Na]+ 466.9114, found: 
466.9113. 
UNIVERSITAT ROVIRA I VIRGILI 
HYPERVALENT IODINE AS DIRECTING TOOL IN IODINE-RETENTIVE TRANSFORMATION OF C-H BONDS 
Yichen Wu 
 
 104 
 
12fo: Following the general procedure, TMSOTf (0.6 mmol, 
133 mg) was added to a premixed CH2Cl2 and MeCN solution 
(3.5 mL) of diacetoxyiodobenzene (0.5 mmol, 161 mg) and 2-
azidoethyl 3-((trimethylsilyl)methyl) benzoate (0.75 mmol, 
208 mg). Column chromatography: silica gel, gradient elution: 10:1 of cyclohexane/EtOAc; 
Rf = 0.24, 10:1 of cyclohexane/EtOAc. Colorless oil. Yield: 82 mg, 40%. 1H NMR (500 MHz, 
CDCl3) δ 7.97 – 7.88 (m, 2H), 7.63 – 7.58 (m, 2H), 7.43 – 7.35 (m, 2H), 6.96 – 6.90 (m, 2H), 
4.51 – 4.47 (m, 2H), 3.96 (s, 2H), 3.58 (dd, J = 5.8, 4.4 Hz, 2H). 13C NMR (126 MHz, CDCl3) 
δ 166.23, 141.03, 140.14, 137.73, 133.88, 131.02, 130.23, 129.95, 128.89, 127.93, 91.71, 
63.79, 50.06, 41.27. HRMS (ESI+) m/z calcd for C16H14IN3NaO2 [M + Na]+ 430.0023, found: 
430.0023. 
12fp: Following the general procedure, TfOH (0.6 mmol, 90 mg) was 
added to a premixed CH2Cl2 and MeCN solution (3.5 mL) of 
diacetoxyiodobenzene (0.5 mmol, 161 mg) and 2-methyl-3-chloro 
benzyltrimethylsilane (0.75 mmol, 160 mg). Column chromatography: 
silica gel, gradient elution: cyclohexane; Rf = 0.47, cyclohexane. Yellow oil. Yield: 121 mg, 
71%. 1H NMR (400 MHz, CDCl3) δ 7.61 (d, J = 8.3 Hz, 2H), 7.30 (dd, J = 8.0, 1.4 Hz, 1H), 
7.13 – 7.07 (m, 1H), 7.02 (d, J = 7.6 Hz, 1H), 6.90 – 6.83 (m, 2H), 3.98 (s, 2H), 2.28 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 140.20, 139.61, 137.64, 135.38, 134.76, 130.72, 128.70, 
127.89, 126.77, 91.49, 39.87, 16.38. HRMS (ESI+) m/z calcd for C14H11ClI [M – H]- 
340.9589, found: 340.9592. 
11fr: Following the general procedure, BF3·Et2O (0.6 mmol, 85.2 mg) was 
added to a premixed CH2Cl2 and MeCN solution (3.5 mL) of 
diacetoxyiodobenzene (0.5 mmol, 161 mg) and 3-((trimethylsilyl)methyl) 
benzo[b]thiophene 1,1-dioxide (0.5 mmol, 126 mg). Column 
chromatography: silica gel, gradient elution: 4:1 cyclohexane/EtOAc; Rf = 0.22 in 4:1 of 
cyclohexane/EtOAc. White solid. Yield: 187 mg, 98%. 1H NMR (400 MHz, CDCl3) δ 7.90 
(dd, J = 8.0, 1.3 Hz, 1H), 7.76 – 7.70 (m, 1H), 7.64 – 7.51 (m, 2H), 7.50 – 7.44 (m, 1H), 7.39 
– 7.32 (m, 1H), 7.25 (dd, J = 7.7, 1.7 Hz, 1H), 7.02 (td, J = 7.6, 1.8 Hz, 1H), 6.07 (t, J = 1.9 
Hz, 1H), 4.03 (d, J = 1.9 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 145.33, 140.09, 138.65, 
138.07, 133.61, 132.27, 130.79, 130.27, 129.49, 129.00, 127.04, 122.54, 121.27, 100.91, 
39.55. 
11rq: Following the general procedure, BF3·Et2O (0.12 mmol, 17 mg) was 
added to a premixed CH2Cl2 and MeCN solution (0.7 mL) of (diacetoxy)-
4-chloro-iodobenzene (0.1 mmol, 35.6 mg) and 3-((trimethyl 
silyl)methyl)benzo[b]thiophene 1,1-dioxide (0.1 mmol, 25.2 mg). Column 
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chromatography: silica gel, gradient elution: 4:1 cyclohexane/EtOAc; Rf = 0.23 in 4:1 of 
cyclohexane/EtOAc. White solid. Yield: 33 mg, 80%. 1H NMR (400 MHz, CDCl3) δ 7.84 (d, 
J = 8.4 Hz, 1H), 7.80 – 7.75 (m, 1H), 7.68 – 7.57 (m, 2H), 7.51 – 7.45 (m, 1H), 7.31 – 7.21 
(m, 1H), 7.06 (dd, J = 8.4, 2.5 Hz, 1H), 6.11 (t, J = 1.9 Hz, 1H), 4.03 (d, J = 1.9 Hz, 2H). 13C 
NMR (101 MHz, CDCl3) δ 144.50, 141.11, 140.56, 138.09, 135.34, 133.69, 132.07, 130.99, 
130.29, 129.82, 127.25, 122.42, 121.47, 97.92, 39.37. 
3.5.6 Synthesis of Diaryliodonium Salt 16. 
16: A 15 mL oven-dried reaction tube was charged with PhI(OAc)2 (5.1 
mmol, 1.64 g), followed by injection of dry dichloromethane (25.5 mL) 
and acetonitrile (10.2 mL) and 4-(tributylstannyl)benzyltrimethylsilane 
(5.1 mmol, 2.3 g). The reaction mixture was then cooled to –78 ℃ and 
BF3·Et2O (6.12 mmol, 638 µL) was added dropwise. The reaction was first stirred at –78 ℃ 
for 1 hour and then gradually warmed to room temperature. The reaction was stopped after 
overnight stirring. The solvent was removed and Et2O was added together with a small 
amount of CH2Cl2 to get precipitate. White solid. Yield: 604 mg, 26%. 1H NMR (400 MHz, 
CDCl3) δ 8.00 (d, J = 8.5 Hz, 2H), 7.87 (d, J = 8.5 Hz, 1H), 7.60 (t, J = 7.5 Hz, 1H), 7.45 (t, 
J = 7.9 Hz, 2H), 7.45 (t, J = 7.9 Hz, 2H), 2.14 (s, 2H), 2.14 (s, 9H). 13C NMR (126 MHz, 
CDCl3) δ 148.10, 135.71, 135.05, 132.78, 132.58, 132.18, 112.65, 105.67, 28.15, -1.87. 19F 
NMR (376 MHz, CDCl3) δ -146.48. 11B NMR (128 MHz, CDCl3) δ -114.04 – -127.54 (m). 
3.5.7 Reductive ortho-Propargylation 
General procedure (described for a 1 mmol scale): Reactions were conducted under nitrogen 
atmosphere. Iodoaryl diacetate (1.0 mmol) was charged in a 50 mL Schlenk tube and was 
dissolved in a 3:7 mixture of CH3CN/CH2Cl2 (14 mL total). Then, trimethyl(propargyl)silane 
(1.5 mmol, 169 mg, or another desired silane partner) was added and the mixture was cooled 
at -78°C in an acetone/CO2 bath. At this temperature, BF3·Et2O (1.2 mmol, 170 mg, 148 µl) 
was added and the solution was allowed to stir for 3 h. After this time, the reaction was 
warmed up to room temperature and the solvent was removed by rotary evaporation. The 
product was isolated using chromatography by CombiFlash machine on silica gel eluting 
with a cyclohexane:EtOAc mixture as indicated. 
2aa: Following the general procedure, thiophen-2-yl-λ3-iodanediyl diacetate 
(1.0 mmol, 328 mg) was allowed to react with trimethyl(propargyl)silane (1.5 
mmol, 169 mg) and BF3 Et2O (1.2 mmol, 170 mg, 148 µl) at -78 °C in the CH3CN/CH2Cl2 
mixture (14 mL). Column chromatography: CombiFlash, silica gel cartridge (eluent: 
cyclohexane), Rf = 0.47 in cyclohexane. Pale yellow oil, 165 mg, yield: 67%. 1H NMR (300 
MHz, CDCl3)  7.43 (d, J = 5.4 Hz, 1H), 7.02 (d, J = 5.4 Hz, 1H), 3.47 (d, J = 2.8 Hz, 2H, 
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CH2), 2.15 (t, J = 2.8 Hz, 1H, CCH).  13C NMR (100 MHz, CDCl3)  140.91, 130.97, 128.36, 
81.09 (C-I), 74.53 (CH2CC), 70.17 (CH2CC), 22.63 (CH2). HRMS (APCI pos) m/z calcd for 
C7H6IS [M+H] + 248.9229, found: 248.9227. FTIR (ATR, neat) cm−1: 3291 (CCH), 2120 
(triple bond). 
 2ba: Following the general procedure, thiophen-3-yl-λ3-iodanediyl diacetate 
(1.0 mmol, 328 mg) was allowed to react with trimethyl(propargyl)silane (1.5 
mmol, 169 mg) and BF3 Et2O (1.2 mmol, 170 mg, 148 µl) at -78 °C in the CH3CN/CH2Cl2 
mixture (14 mL). Column chromatography: CombiFlash, silica gel cartridge (eluent: 
cyclohexane), Rf = 0.53 in cyclohexane. Colorless oil, 196 mg, yield: 79%. 1H NMR (400 
MHz, CDCl3)  7.19 (d, J = 5.3 Hz, 1H), 7.01 (d, J = 5.3 Hz, 1H), 3.69 (d, J = 2.7 Hz, 2H, 
CH2), 2.23 (t, J = 2.7 Hz, 1H, CCH). 13C NMR (100 MHz, CDCl3)  138.05, 134.96, 125.73, 
80.32, 79.86, 71.00, 22.75 ppm. HRMS (APCI pos) m/z calcd for C7H6IS[M+H] + 248.9229, 
found: 248.9225. FTIR (ATR, neat) cm−1: 3292 (CCH), 2121 (triple bond). 
2ca: Following the general procedure, (2-naphthyl)-λ3-iodanediyl diacetate 
(1.0 mmol, 372 mg) was allowed to react with trimethyl(propargyl)silane (1.5 
mmol, 168 mg) and BF3 Et2O (1.2 mmol, 170 mg, 148 µl) at -78 °C in the 
CH3CN/CH2Cl2 mixture (14 mL). Column chromatography: CombiFlash, silica gel cartridge 
(eluent: cyclohexane), Rf = 0.34 in cyclohexane. White solid, 258 mg, yield: 88%. 1H NMR 
(400 MHz, CDCl3)  8.17 (d, J = 8.5 Hz, 1H), 7.87 (d, J = 8.7 Hz, 1H), 7.84 – 7.78 (m, 1H), 
7.63 – 7.50 (m, 2H), 7.45 (d, J = 8.7 Hz, 1H), 4.21 (d, J = 2.8 Hz, 2H, CH2), 2.16 (t, J = 2.7 
Hz, 1H, CCH). 13C NMR (100 MHz, CDCl3)  136.16, 135.72, 133.45, 132.03, 129.23, 
128.74, 127.35, 126.41, 124.67, 99.42 (C-I), 80.85 (CH2CC), 70.29 (CH2CC), 28.65 (CH2). 
HRMS (APCI pos) m/z calcd for C13H10I [M+H] + 292.9822, found: 292.9824. FTIR (ATR, 
neat) cm−1: 3291 (CCH), 2107 (triple bond). 
 2ia: Reaction conducted on a 0.5 mmol scale. Following the general 
procedure, (1-naphthyl)-λ3-iodanediyl diacetate (0.5 mmol, 186 mg) was 
allowed to react with trimethyl(propargyl)silane (0.75 mmol, 84 mg) and BF3 
Et2O (0.6 mmol, 85 mg, 75 µL) at -78°C in the mixture CH3CN/CH2Cl2 (7 mL). Column 
chromatography: CombiFlash, silica gel cartridge (eluent: cyclohexane), Rf = 0.47 in 
cyclohexane. Pale yellow solid, 117 mg, yield: 80%. 1H NMR (400 MHz, CDCl3)  8.24 (d, 
J = 8.5 Hz, 1H), 7.87 – 7.71 (m, 3H), 7.63 – 7.54 (m, 1H), 7.53 – 7.46 (m, 1H), 3.97 (d, J = 
2.7 Hz, 2H, CH2), 2.33 (t, J = 2.7 Hz, 1H, CCH). 13C NMR (100 MHz, CDCl3)  138.17, 
135.10, 133.20, 132.67, 129.10, 128.39, 128.03, 126.59, 126.47, 105.15 (C-I), 81.54 
(CH2CC), 71.74 (CH2CC), 33.24 (CH2). HRMS (APCI pos) m/z calcd for C13H10I [M+H]+ 
291.9722, found: 291.9732. FTIR (ATR, neat) cm−1: 3281 (CCH), 2113 (triple bond). 
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2qa: Reaction conducted on a 0.55 mmol scale Following the general 
procedure, (3-(tert-butoxy)phenyl)-l3-iodanediyl diacetate (0.55 mmol, 218 
mg) was allowed to react with trimethyl(propargyl)silane (0.82 mmol, 93 mg) and BF3 Et2O 
(0.66 mmol, 94 mg, 82 µL) at -78°C in the mixture CH3CN/CH2Cl2 (7.7 mL). GC analysis 
reveals a 83:17 o:o’ peak area ratio. Column chromatography: CombiFlash, silica gel 
cartridge (eluent: cyclohexane/EtOAc (9/1)), Rf = 0.26 in cyclohexane/EtOAc (9/1). White 
crystal, 101 mg, total yield: 71% (ratio isomers o:o’ 5:1). Major isomer: 1H NMR (400 MHz, 
CDCl3)  7.44 (d, J = 8.4 Hz, 1H), 7.34 (d, J = 2.6 Hz, 1H), 6.84 (dd, J = 8.4, 2.6 Hz, 1H), 
4.94 (br s, 1H, OH), 3.57 (d, J = 2.7 Hz, 2H, CH2), 2.26 (t, J = 2.7 Hz, 1H, CCH).  13C NMR 
(100 MHz, CDCl3)  154.71, 131.20, 129.49, 126.09, 115.76, 99.41 (C-I), 81.72 (CH2CC), 
71.50 (CH2CC), 30.07 (CH2). Minor isomer: 1H NMR (400 MHz, CDCl3)  7.48 - 7.40 (m, 
1H), 6.89 - 6.80 (m, 2H), 5.67 (br s, 1H, OH), 3.80 (d, J = 2.7 Hz, 2H, CH2), 2.20 (t, J = 2.8 
Hz, 1H, CCH). HRMS (ESI-) m/z calcd for C9H6IO [M-H] – 256.9469, found: 256.9471. 
FTIR (ATR, neat) cm−1: 3295 (CCH), 3218 (OH), 2122 (triple bond). 
2ma: Following the general procedure, (2-bromophenyl)-λ3-iodanediyl 
diacetate (1.0 mmol, 401 mg) was allowed to react with 
trimethyl(propargyl)silane (1.5 mmol, 169 mg) and BF3 Et2O (1.2 mmol, 170 
mg, 148 µl) at -78 °C in the CH3CN/CH2Cl2 mixture (14 mL). Column chromatography: 
CombiFlash, silica gel cartridge (eluent: cyclohexane), Rf = 0.45 in cyclohexane. Yellow oil, 
234 mg, yield: 73%. 1H NMR (400 MHz, CDCl3)  7.59-7.51 (m, 2H), 7.22 (t, J = 7.8 Hz, 
1H), 3.73 (d, J = 2.7 Hz, 2H, CH2), 2.32 (t, J = 2.7 Hz, 1H, CCH). 13C NMR (101 MHz, 
CDCl3)  142.31, 131.35, 131.26, 129.51, 127.22, 107.10 (C-I), 81.14 (CH2CC), 72.32 
(CH2CC), 34.03 (CH2). HRMS (APCI pos) m/z calcd for C9H7BrI [M+H]+ 320.8770, found: 
320.8769. FTIR (ATR, neat) cm−1: 3268 (CCH), CC triple bond not observed. 
2ra: Following the general procedure, (2-fluorophenyl)-λ3-iodanediyl diacetate 
(1.0 mmol, 340 mg) was allowed to react with trimethyl(propargyl)silane (1.5 
mmol, 169 mg) and BF3 Et2O (1.2 mmol, 170 mg, 148 µl) at -78 °C in the 
CH3CN/CH2Cl2 mixture (14 mL). Column chromatography: CombiFlash, silica gel cartridge 
(eluent: cyclohexane), Rf = 0.41 in cyclohexane. Yellow oil, 184 mg, yield: 71%. 1H NMR 
(400 MHz, CDCl3)  7.43 (ddd, J = 7.8, 1.4, 0.7 Hz, 1H), 7.31 (td, J = 7.8, 5.7 Hz, 1H), 7.00 
– 6.93 (m, 1H), 3.69 (d, J = 2.7 Hz, 2H, CH2), 2.29 (t, J = 2.7 Hz, 1H, CCH). 13C NMR (101 
MHz, CDCl3)  161.78 (d, J = 244.5 Hz), 141.37 (d, J = 1.4 Hz), 129.87 (d, J = 8.4 Hz), 
124.59 (d, J = 2.8 Hz), 114.04 (d, J = 24.6 Hz), 87.33 (d, J = 25.7 Hz, C-I), 80.82 (CH2CC), 
72.10 (CH2CC), 31.02 (d, J = 3.3 Hz, CH2). 19F NMR (376 MHz, CDCl3)  -89.63 (dd, JF-H 
= 7.5, 5.8 Hz). HRMS (APCI pos) m/z calcd for C9H7FI [M+H]+ 260.9571, found: 260.9578. 
FTIR (ATR, neat) cm−1: 3299 (CCH), 2197 (CC triple bond). 
IHO
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2sa: Following the general procedure, (4-trifluoromethoxy) phenyl-λ3-
iodanediyl diacetate (1.0 mmol, 406 mg) was allowed to react with 
trimethyl(propargyl)silane (1.5 mmol, 169 mg) and BF3 Et2O (1.2 mmol, 
170 mg, 148 µl) at -78 °C in the CH3CN/CH2Cl2 mixture (14 mL). Column chromatography: 
CombiFlash, silica gel cartridge (eluent: pentane), Rf = 0.60 in cyclohexane. Yellow oil, 203 
mg, yield: 67 %. 1H NMR (400 MHz, CDCl3)  7.96 (d, J = 8.2 Hz, 1H), 7.88 (br d, J = 2.2 
Hz, 1H), 7.22 (m, dd, J = 8.1, 1.8 Hz, 1H), 3.68 (d, J = 2.7 Hz, 2H, CH2), 2.35 (t, J = 2.7 Hz, 
1H, CCH). 13C NMR (101 MHz, CDCl3)  140.10, 139.95, 131.26 (q, J = 32.8 Hz), 125.46 
(dq, J = 39.2, 3.8 Hz), 124.01 (q, J = 272.4 Hz, CF3), 103.94 (q, J = 1.5 Hz, C-I), 80.04 
(CH2CC), 72.89 (CH2CC), 31.34 (CH2). 19F NMR (376 MHz, CDCl3)  -62.99. HRMS 
(APCI pos) m/z calcd for C10H7F3I [M+H] + 310.9539, found: 310.9540. FTIR (ATR, neat) 
cm−1: 3307 (CCH), 2021 (CC triple bond). 
2ta: Following the general procedure, (4-trifluoromethoxy) phenyl-λ3-
iodanediyl diacetate (1.0 mmol, 406 mg) was allowed to react with 
trimethyl(propargyl)silane (1.5 mmol, 169 mg) and BF3 Et2O (1.2 mmol, 
170 mg, 148 µl) at -78 °C in the CH3CN/CH2Cl2 mixture (14 mL). Column chromatography: 
CombiFlash, silica gel cartridge (eluent: cyclohexane), Rf = 0.60 in cyclohexane. The total 
yield was obtained from two fractions, one with pure product (221 mg, 68%) and another as 
mixture with 4-trifluoromethoxy-iodobenzene. For this second fraction, the quantity of the 
desired product (14 mg) has been quantified by 1H NMR. Yellow oil, 235 mg total, yield: 
72%. 1H NMR (400 MHz, CDCl3)  7.83 (d, J = 8.6 Hz, 1H), 7.59 – 7.51 (m, 1H), 6.93 – 
6.82 (m, 1H), 3.63 (d, J = 2.7 Hz, 2H, CH2), 2.35 (t, J = 2.7 Hz, 1H, CCH). 13C NMR (101 
MHz, CDCl3)  149.91 (q, J = 1.8 Hz), 141.15, 140.32, 121.85, 121.06, 120.47 (q, J = 258.0 
Hz, OCF3), 96.38 (C-I), 80.11 (CH2CC), 72.83 (CH2CC), 31.33 (CH2). 19F NMR (376 MHz, 
CDCl3)  -58.01. HRMS (APCI pos) m/z calcd for C10H7F3IO [M+H] + 326.9488, found: 
326.9484. FTIR (ATR, neat) cm−1: 3312 (CCH), 2198 (CC triple bond). 
2ua: Reaction conducted on a 0.21 mmol scale. Following the general 
procedure, (4-azidophenyl)-λ3-iodanediyl diacetate (0.21 mmol, 75 mg) 
was allowed to react with trimethyl(propargyl)silane (0.32 mmol, 35 mg) and BF3 Et2O (0.25 
mmol, 36 mg, 31 µl) at -78 °C in the CH3CN/CH2Cl2 mixture (2.85 mL). Column 
chromatography: CombiFlash, silica gel cartridge (eluent: cyclohexane), Rf = 0.18 in 
cyclohexane. Yellow solid, 42 mg, yield: 71%. 1H NMR (400 MHz, CDCl3)  7.76 (d, J = 
8.4 Hz, 1H), 7.33 (d, J = 2.7 Hz, 1H), 6.67 (dd, J = 8.4, 2.7 Hz, 1H), 3.61 (d, J = 2.6 Hz, 2H, 
CH2), 2.32 (t, J = 2.7 Hz, 1H, CCH). 13C NMR (101 MHz, CDCl3)  140.97, 140.58, 140.35, 
119.89, 119.47, 93.64 (C-I), 80.43 (CH2CC), 72.55 (CH2CC), 31.22 (CH2). HRMS (APCI 
pos) m/z calcd for C9H7IN [M-N2+H] +  255.9618, found: 255.9620. GC-MS (EI+) m/z calcd 
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for C9H6IN3 [M] + 282.9, found: 282.9 ([M]+, 30 %), 254.9 ([M-N2]+, 96 %), 128.0 ([M-N2-
I]+, 100%). FTIR (ATR, neat) cm−1: 3303 (CCH), 2112 (N3), CC triple bond not observed. 
2va: Reaction conducted on a 0.5 mmol scale ar room temp. Following a 
modification of the general procedure, (4-cyanophenyl)-λ3-iodanediyl 
diacetate (0.5 mmol, 174 mg) was allowed to react with trimethyl(propargyl)silane (0.75 
mmol, 84 mg) and BF3 Et2O (0.6 mmol, 85 mg, 75 µl) at room temperature in a 
CH3CN/CH2Cl2 mixture (7 mL). Column chromatography: CombiFlash, silica gel cartridge 
(gradient elution: from 98:2 to 97:3 cyclohexane/EtOAc with “low flow” of 30 ml/min), Rf 
= 0.18 in cyclohexane/EtOAc (20/1). The total yield was obtained from two fractions, one 
with pure product (51 mg, 38%) and another mixed with 4-cyano-iodobenzene (ratio 
obtained by NMR). Yellow oil, 55 mg (total), yield: 41 %. 1H NMR (400 MHz, CDCl3)  
7.96 (d, J = 8.1 Hz, 1H), 7.92 (d, J = 1.8 Hz, 1H), 7.23 (dd, J = 8.1, 2.0 Hz, 1H), 3.65 (d, J 
= 2.7 Hz, 2H, CH2), 2.38 (t, J = 2.7 Hz, 1H, CCH). 13C NMR (100 MHz, CDCl3)  140.74, 
140.26, 131.93, 131.45, 118.27, 112.79, 105.76 (C-I), 79.56 (CH2CC), 73.40 (CH2CC), 
31.27 (CH2). HRMS (APCI pos) m/z calcd for C10H7IN [M+H] + 267.9618, found: 267.9615. 
FTIR (ATR, neat) cm−1: 3240 (CCH), 2230 (CN), 2217 (CC triple bond).  
2wa: Reaction conducted on a 0.5 mmol scale at room temperature. 
Following a modification of the the general procedure, (4-nitrophenyl)- λ3-
iodanediyl diacetate (0.5 mmol, 184 mg) was allowed to react with 
trimethyl(propargyl)silane (0.75 mmol, 84 mg) and BF3 Et2O (0.6 mmol, 85 mg, 75 µl) at 
room temperature in a CH3CN/CH2Cl2 mixture (7 mL). Column chromatography: 
CombiFlash, silica gel cartridge (gradient elution: 98:2 to 97:3 cyclohexane/EtOAc with 
“low flow” regime of 30 ml/min), Rf = 0.24 in cyclohexane/EtOAc (20/1). White solid, 50 
mg, yield: 35%. 1H NMR (500 MHz, CDCl3)  8.48 (d, J = 2.6 Hz, 1H), 8.03 (d, J = 8.6 Hz, 
1H), 7.82 (dd, J = 8.6, 2.6 Hz, 1H), 3.71 (d, J = 2.7 Hz, 2H, CH2), 2.41 (t, J = 2.7 Hz, 1H, 
CCH). 13C NMR (126 MHz, CDCl3)  148.60, 141.25, 140.34, 123.55, 123.11, 107.79 (C-
I), 79.47 (CH2CC), 73.51 (CH2CC), 31.44 (CH2). HRMS (EI+) m/z calcd for C9H6NO2I [M] 
+ 286.9443, found: 286.9442. FTIR (ATR, neat) cm−1: 3289 (CCH), 1512 and 1335 (NO2), 
CC triple bond not observed. 
2la: Following the general procedure, (3-bromophenyl)-λ3-iodanediyl 
diacetate (1.0 mmol, 401 mg) was allowed to react with 
trimethyl(propargyl)silane (1.5 mmol, 169 mg) and BF3 Et2O (1.2 mmol, 170, 148 µl) at -
78 °C in the CH3CN/CH2Cl2 mixture (14 mL). GC analysis reveals a 73:27 o:o’ peak area 
ratio. CombiFlash column chromatography: silica gel (eluent: cyclohexane), Rf = 0.55 in 
cyclohexane. White solid, 268 mg (both isomers), total yield: 84% (NMR ratio of isomers 
o:o’ 2.6:1). Major isomer: 1H NMR (400 MHz, CDCl3)  8.00-7.93 (m, 1H), 7.48 (d, J = 1.3 
I
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Hz, 2H), 3.58 (d, J = 2.7 Hz, 2H, CH2), 2.30 (t, J = 2.7 Hz, 1H, CCH). 13C NMR (100 MHz, 
CDCl3)  141.14, 137.99, 131.69, 130.12, 121.21, 100.01 (C-I), 80.63 (CH2CC), 72.29 
(CH2CC), 30.72 (CH2). Minor isomer: 1H NMR (400 MHz, CDCl3)  7.81 (dd, J = 7.9, 1.2 
Hz, 1H), 7.57 (dd, J = 8.0, 1.2 Hz, 1H), 6.79 (t, J = 7.9 Hz, 1H), 3.98 (d, J = 2.7 Hz, 2H, 
CH2), 2.12 (t, J = 2.7 Hz, 1H, CCH). 13C NMR (100 MHz, CDCl3)  139.33, 138.70, 133.52, 
130.17, 123.77, 100.52 (C-I), 79.47 (CH2CC), 69.98 (CH2CC), 32.76 (CH2). HRMS (APCI 
pos) m/z calcd for C9H7BrI [M+H] + 320.8770, found: 320.8770 (same as calculated!). FTIR 
(ATR, neat) cm−1: 3299, 3280 (CCH), 2117 (CC triple bond). 
2vb: Reaction conducted on a 0.7 mmol scale. Following the general 
procedure, 4-cyano-phenyl-λ3-iodanediyl diacetate (0.7 mmol, 240 
mg) was allowed to react with prop-1-yne-1,3-bis(trimethylsilane) (1.05 mmol, 277 mg) and 
BF3 Et2O (0.84 mmol, 170 mg, 105 µl) at -78 °C in the CH3CN/CH2Cl2 mixture (9.8 mL). 
Column chromatography: CombiFlash, silica gel cartridge (gradient elution: pure 
cyclohexane to 98:2 cyclohexane/EtOAc), Rf = 0.45 in cyclohexane/EtOAc (9/1). The total 
yield was obtained from two fractions, one with pure product (125 mg, 53%) and another 
mixing with 4-cyano-iodobenzene. For this second fraction, the quantity of the desired 
product (20 mg) has been quantified by 1H NMR. White solid, 145 mg from the two fractions, 
total yield: 61%. 1H NMR (400 MHz, CDCl3)  7.95 (d, J = 8.1 Hz, 1H), 7.88 (dd, J = 1.9, 
1.0 Hz, 1H), 7.22 (dd, J = 8.1, 2.1 Hz, 1H), 3.67 (s, 2H, CH2), 0.22 (s, 9H, Si(CH3)3). 13C 
NMR (101 MHz, CDCl3)  141.06, 140.17, 131.99, 131.33, 118.33, 112.70, 105.83, 101.48, 
90.27, 32.65 (CH2), 0.08 (Si(CH3)3). 29Si NMR (79 MHz, CDCl3) δ: -17.57. HRMS (ESI+) 
m/z calcd for C12H11NSi [M-CH3] + 323.9700, found: 323.9700. FTIR (ATR, neat) cm−1: 
2168 (CC triple bond), 1251 (Si-CH3). 
2fc: Following a modification of the general procedure, phenyl-λ3-
iodanediyl diacetate (1.0 mmol, 322 mg) was allowed to react with 4-
(trimethylsilyl)but-2-yn-1-ol7 (1.5 mmol, 214 mg) and BF3 Et2O (1.2 mmol, 
170 mg, 148 µl) at -78°C in the CH3CN/CH2Cl2 mixture (14 mL). After this time, the reaction 
was warmed up to room temperature and extracted with saturated aqueous NaHCO3 (20 ml) 
and water (20ml). The organic layer was dried with MgSO4, and after filtration, the solvent 
was removed by rotary evaporation. CombiFlash column chromatography: silica gel 
(gradient elution: cyclohexane to 1:1 cyclohexane/EtOAc). Rf = 0.24 in cyclohexane/EtOAc 
(5/1). Colorless oil, 218 mg, yield: 80%. 1H NMR (400 MHz, CDCl3)  7.82 (dd, J = 7.9, 1.2 
Hz, 1H), 7.56 (dd, J = 7.3, 1.1 Hz, 1H), 7.33 (td, J = 7.6, 1.2 Hz, 1H), 6.94 (td, J = 7.9, 1.7 
Hz, 1H), 4.32 (t, J = 2.1 Hz, 2H, CH2), 3.66 (t, J = 2.1 Hz, 2H, CH2), 2.00 (s br, 1H, OH). 
13C NMR (101 MHz, CDCl3)  139.39, 139.16, 129.16, 128.67, 128.60, 99.79 (C-I), 83.08 
(CH2CC), 81.76 (CH2CC), 51.46 (CH2OH), 31.48 (CH2). HRMS (APCI pos) m/z calcd for 
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C10H8I [M-OH] + 254.9665, found: 254.9661. FTIR (ATR, neat) cm−1: 3325 (OH), 2219 (CC 
triple bond). 
2fd: Reaction conducted on a 0.5 mmol scale. Following the general 
procedure for the synthesis of the ortho-propargyl iodoarenes, phenyl-
λ3-iodanediyl diacetate (0.5 mmol, 161 mg) was allowed to react with 
trimethyl(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop-2-yn-1-yl)silane8 (0.75 
mmol, 179 mg) and BF3 Et2O (0.6 mmol, 85 mg, 74 µl) at -78°C in the CH3CN/CH2Cl2 
mixture (7 mL). After this time, the reaction was warmed up to room temperature and 
extracted with water (1 ml) quickly. The organic layer was collected in an Erlenmeyer with 
MgSO4, and after filtration, the solvent was dried under vacuum. Brown oil, 160 mg, yield: 
43%. 1H NMR (400 MHz, CDCl3)  7.80 (dd, J = 7.9, 1.0 Hz, 1H), 7.62 (d, J = 7.7 Hz, 1H), 
7.33 (td, J = 8.5, 7.6, 1.0 Hz, 1H), 6.94 (td, J = 7.7, 1.3 Hz, 1H), 3.72 (s, 2H, CH2), 1.29 (s, 
12H, CH3). 13C NMR (100 MHz, CDCl3)  139.31, 138.19, 129.40, 128.78, 128.67, 100.64 
(CC), 99.72, 84.41 (OC(CH3)2), 83.34, 32.24 (CH2), 24.82 (CH3). 11B NMR (128 MHz, 
CDCl3)  23.59. FTIR (ATR, neat) cm−1: 2212 (CC triple bond). 
2fe: 0.4 mmol scale; 1.4 equiv of propargyl silane. Following the 
general procedure, (diacetoxyiodo)benzene (0.4 mmol, 127 mg) was 
allowed to react with trimethyl(3-(4-cyanophenyl) prop-2-yn-1-
yl)silane (0.55 mmol, 118 mg) and BF3 Et2O (0.48 mmol, 60 µl) at -78°C in a CH3CN/CH2Cl2 
mixture (5.7 mL). CombiFlash column chromatography: silica gel cartridge (gradient 
elution: 40:1 to 5:1 cyclohexane/EtOAc), Rf = 0.27 in cyclohexane/EtOAc (20/1). Colorless 
oil, solidifies to a white solid, 106 mg, yield: 77 %. 1H NMR (400 MHz, CDCl3)  7.86 (dd, 
J = 7.9, 1.2 Hz, 1H), 7.63-7.56 (m, 3H), 7.56-7.51 (m, 2H), 7.37 (td, J = 7.6, 1.2 Hz, 1H), 
6.99 (td, J = 7.8, 1.6 Hz, 1H), 3.89 (s, 2H, CH2). 13C NMR (100 MHz, CDCl3)  139.63, 
138.81, 132.35, 132.12, 129.22, 128.92, 128.75, 128.59, 118.65, 111.49, 99.83 (C-I), 91.81 
(CH2CC), 82.38 (CH2CC), 32.24 (CH2). HRMS (APCI pos) m/z calcd for C16H11IN [M+H] + 
343.9931, found: 343.9923. FTIR (ATR, neat) cm−1: 2227 (CN), 2189 (CC triple bond). 
2ff: 0.5 mmol scale. Following the general procedure, 
(diacetoxyiodo)benzene (0.5 mmol, 161 mg) was allowed to react 
with trimethyl(3-(4-nitrophenyl)prop-2-yn-1-yl)silane (0.75 mmol, 
174 mg) and BF3 Et2O (0.6 mmol, 85 mg, 74 µl) at -78°C in a CH3CN/CH2Cl2 mixture (7 
mL). CombiFlash column chromatography: silica gel cartridge (eluent: 40:1 to 4:1 
cyclohexane/EtOAc). Orange solid, 148 mg, (purity: 96 mol% with (4 mol% of s/m prop. 
silane); yield: 78% (for pure prod.).  1H NMR (500 MHz, CDCl3) δ 8.19 – 8.15 (m, 2H), 7.87 
(dd, J = 7.9, 1.3 Hz, 1H), 7.61-7.57 (m, 3H), 7.38 (td, J = 7.5, 1.3 Hz, 1H), 6.99 (td, J = 7.7, 
1.7 Hz, 1H), 3.91 (s, 2H). 13C NMR (126 MHz, CDCl3) δ 147.08, 139.67, 138.72, 132.55, 
I
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130.60, 129.25, 128.97, 128.78, 123.69, 99.83, 92.81, 82.19, 32.29. MS (EI+) 363 (M+, 70%), 
317 (M-NO2 10%), 236 (M-I, 29%), 189/190 (M-I-NO2, 100%). 
17: 0.5 mmol scale. Following the general procedure, (diacetoxyiodo)-4-
benzylbenzene (0.5 mmol, 206 mg) was allowed to react with trimethyl(propargyl)silane 
(0.75 mmol, 85 mg) and BF3 Et2O (0.6 mmol, 85 mg, 74 µl) at -78°C in a CH3CN/CH2Cl2 
mixture (7 mL). CombiFlash column chromatography: silica gel cartridge (eluent:pentane). 
Rf = 0.34 in pentane. Oil, Yield: 69% (114 mg). 1H NMR (300 MHz, CDCl3) δ 7.78 (d, J = 
8.0 Hz, 1H), 7.54 (d, J = 2.2 Hz, 1H), 7.40 – 7.33 (m, 2H), 7.32 – 7.22 (m, 3H), 6.84 (dd, J 
= 8.1, 2.2 Hz, 1H), 4.02 (s, 2H), 3.68 (d, J = 2.7 Hz, 2H), 2.33 (t, J = 2.7 Hz, 1H). 13C NMR 
(126 MHz, CDCl3) δ 141.95, 140.43, 139.39, 138.80, 129.86, 129.44, 128.96, 128.67, 126.40, 
96.71, 81.20, 71.81, 41.52, 31.09. 
3.5.8 Derivatization of the Alkylated Iodobenzene 
 
An oven-dried Schlenk tube was charged with PdCl2 (0.05 mmol, 9 mg), PPh3 (0.1 mmol, 
26 mg mg), CuI (0.1 mmol, 19 mg). The solids were placed under nitrogen with three 
vacuum/refill cycles, and then the Et3N (2 mL), ((3-(2-iodophenyl)prop-1-yn-1-yl) 
trimethylsilane (0.5 mmol, 157 mg) and phenylacetylene (1.25 mmol, 128 mg, 138 µL) were 
successively added. The mixture was allowed to stir at 80°C for 16h. After cooling to room 
temperature, the mixture was evaporated to dryness. The crude was purified by CombiFlash 
column chromatography: silica gel (eluent: cyclohexane), Rf = 0.45 in cyclohexane. Pale 
orange oil, 130 mg, yield: 90%. 1H NMR (500 MHz, CDCl3) δ 7.66 – 7.60 (m, 1H), 7.56 – 
7.53 (m, 2H), 7.51 (dd, J = 7.6, 1.4 Hz, 1H), 7.39 – 7.32 (m, 3H), 7.25 (t, J = 7.6, 1H), 3.92 
(s, 2H), 0.20 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 138.33, 131.90, 131.68, 128.80, 128.53, 
128.51, 128.01, 126.74, 123.35, 122.45, 103.86, 94.69, 87.64, 87.34, 25.31, 0.26. 29Si NMR 
(79 MHz, CDCl3) δ -18.36. FTIR (ATR, neat) cm−1: 2176 (CC triple bond), 1249 (Si-CH3). 
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Chapter 4 
NH-Heterocyclic Aryliodonium Salts and their 
Selective Conversion into N1-Aryl-5-iodoimidazoles 
Target 
Developing access to N-arylimidazoles 
bearing an iodine substituent at the 
strategic C5 position, for their use as 
versatile precursor to 1,5-disubstituted 
imidazoles.1  
Tool 
An intramolecular iodine-to-nitrogen aryl transfer of a new family of (NH-
imidazolyl)aryliodonium salt. 
4.1 Introduction 
Transition metal-catalyzed reactions with organic λ3-iodane reagents have emerged as a 
versatile tool in the construction of carbon-carbon and carbon-heteroatom bonds.2 An 
interesting (and a key) aspect of this chemistry is the involvement of electrophilic high-valent 
metal species, with high valent iodine reagents responsible for the oxidation at the metal 
center.3 Hence, the presence of the high-valent palladium intermediates, both Pd(IV) and 
Pd(III), has been extensively discussed in the course of synthetic and mechanistic studies. 
An early examples of this manifold include the work by Sanford and coworker on Pd-
catalyzed oxidative C-H functionalization, including carbon-oxygen bond formation, in the 
presence of organic λ3-iodanes.4 Evidence for the involvement of high-valent Pd(IV) 
intermediate was obtained by the synthesis of Pd(IV) complex using PhI(OCOPh)2 as 
oxidant, and subsequent C-O bond-forming reductive elimination from this oxidation state5 
(Scheme 1). 
 Scheme 1. Palladium-catalyzed C-O forming using organic λ3-iodanes. 
                                                              
(1) Wu, Y.; Izquierdo, S.; Vidossich, P.; Lledós, A.; Shafir, A. Angew. Chem. Int. Ed. 2016, 55, 7152-7156. 
(2) Zhdankin, V. V. Hypervalent Iodine Chemistry; John Wiley & Sons Ltd, 2013.  
(3) (a) Deprez, N. R.; Sanford, M. S. Inorg. Chem. 2007, 46, 1924-1935. (b) Muñiz, K. Angew. Chem. Int. Ed. 
2009, 48, 9412-9423. (c) Casitas, A.; Ribas, X. Chem. Sci. 2013, 4, 2301-2318. (d) Sousa e Silva, F.; Tierno, A.; 
Wengryniuk, S. Molecules 2017, 22, 780.  
(4) Dick, A. R.; Hull, K. L.; Sanford, M. S. J. Am. Chem. Soc. 2004, 126, 2300-2301.  
(5) Dick, A. R.; Kampf, J. W.; Sanford, M. S. J. Am. Chem. Soc. 2005, 127, 12790-12791. 
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This and related manifolds are not limited to palladium catalysis, and have been extended to 
several additional metals, particularly copper. This concept can be illustrated by a Cu-
catalyzed site-selective arylation of indoles under mild conditions reported by Gaunt and 
coworkers (Scheme 2).6 This example also showcases the fact that the use of diaryliodonium 
salts allows for the λ3 reagents to act as both an oxidant and an aryl transfer agent. In this 
reaction, the highly electrophilic Cu(III) intermediate was assumed involved which facilitate 
the electrophilic metalation at C3 position of indole. 
Scheme 2. Cu-catalyzed site-selective arylation of indoles using organic λ3-iodanes. 
4.1.1 Organic λ3-Iodanes in Transition Metal Catalyzed N-Arylation 
The development of new carbon-nitrogen bond-forming methods is a promising direction in 
the application of organic λ3-iodanes. In this context, a particularly fruitful direction is the 
arylation of nitrogen nucleophiles using the formally electrophilic diaryliodonium salts 
acting as an Ar+ synthons. This reactivity can be achieved in a metal-free fashion, including 
the classical iodine-centered coordination/ligand coupling mechanism (see discussion in 
section 1.4). However, several methods have also been developed relying on the use of a 
metal catalyst, particularly those based on copper and palladium. Such reactivity combined 
the known ability of diaryliodonium salts to engage in oxidative aryl transfer to a metal center 
(see the discussion above), with the well-established metal-center C-N bond formation. In 
one of the early examples demonstrated, Pd-catalyzed N-phenylation of secondary amines 
was achieved at room temperature using the diaryliodonium tetrafluoroborate (1) as 
phenylating agent (Scheme 3).7  
 Scheme 3. Pd-catalyzed N-arylation of amines. 
Copper catalyst is employed frequently in N-arylation. In addition to the arylation of amines,8 
the reactions with other nitrogen sources have been reported. For example, a copper-
catalyzed N-arylation of N-arylsulfonamides has been carried out with diaryliodonium 
                                                              
(6) Phipps, R. J.; Grimster, N. P.; Gaunt, M. J. J. Am. Chem. Soc. 2008, 130, 8172-8174.  
(7) Kang, S.-K.; Lee, H.-W.; Choi, W.-K.; Hong, R.-K.; Kim, J.-S. Synth. Commun. 1996, 26, 4219-4224.  
(8) Kang, S.-K.; Lee, S.-H.; Lee, D. Synlett 2000, 2000, 1022-1024. 
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triflate in water (Scheme 4A).9 Moreover, Cu-catalyzed N-arylation could be a part of 
cascade reaction to construct the nitrogen-containing heteroaromatics. In a nice application 
of this idea, the synthesis of acridines has been reported via a tandem arylation/Friedel-Crafts 
processes (Scheme 4B).10  
Scheme 4. Cu-catalyzed N-arylation. 
Importantly, the use of a copper catalyst can help generate aryl electrophiles that are reactive 
enough to induce the C-N bond formation with nucleophiles as weak as acetonitrile. As 
shown by Chen and coworkers, exposing a diaryliodonium triflate to a mixture of a nitrile 
and alkyne in the presence of catalytic Cu(OTf)2 led an efficient formation of a quinoline 
core (Scheme 5).11 The reaction was proposed to start with a Ritter-type formation of an N-
arylnitrilium species A produced by Cu-catalyzed arylation of nitrile. A related involvement 
of reactive λ3-iodanes in metal-free Ritter-type processes has also been invoked to explain 
the formation of certain types of side-products in Chapter 3. 
 Scheme 5. Cu-catalyzed synthesis of quinoline. 
In the case of unsymmetrical diaryliodonium salts, the chemoselectivity trends in metal-
catalyzed reactions generally follows the rules:12 1) the salts containing hindered aromatic 
rings, the transfer of the less bulky aryl group will be favored; 2) in the absence of steric 
                                                              
(9) Geng, X.; Mao, S.; Chen, L.; Yu, J.; Han, J.; Hua, J.; Wang, L. Tetrahedron Lett. 2014, 55, 3856-3859.  
(10) Pang, X.; Lou, Z.; Li, M.; Wen, L.; Chen, C. Eur. J. Org. Chem. 2015, 2015, 3361-3369.  
(11) Wang, Y.; Chen, C.; Peng, J.; Li, M. Angew. Chem. Int. Ed. 2013, 52, 5323-5327.  
(12) Olofsson, B. In Hypervalent Iodine Chemistry; Wirth, T., Ed.; Springer International Publishing: Cham, 2016, 
p 135-166.  
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effects, the more electron-rich aryl will be transferred. The latter trend is often at odds with 
the selectivity observed in metal-free arylation reactions. For example, a selective transfer of 
a less bulky aryl group has been observed in the case of N-arylation with in situ generated 
diaryliodonium triflates (or tosylates) (Scheme 6).13 
Scheme 6. Cu-catalyzed N-arylation with unsymmetrical diaryliodonium salts. 
In addition of the usage of the diaryliodonium salts as formal electrophiles in N-arylation, 
another C-N bond-forming manifold consists in a formal insertion of a nitrene transfer agents 
into an aromatic C-H bonds. In 1975, Yamada et al. introduced iodonium imides (ArI=NR) 
as a family of group transfer (nitrene) agents with a reactivity profile closely matching that 
of the popular iodosobenzene PhI=O.14 The use of such reagent under metal catalysis can 
lead to a net cleavage of an aromatic C-H bond and an insertion of the =NR group to form 
an arylamine. For example, He and coworkers demonstrated the formation of N-arylated 
product via the reaction between the N-(p-nitrosulfonyl)iminophenyliodane (PhI=NNs) and 
an in situ generated arylgold(III) intermediate, such as mesitylgold(III) species shown in 
Scheme 7.15  
 Scheme 7. Organic λ3-iodanes as nitrogen source in gold-catalyzed reaction. 
Although not directly relevant to the work presented in this chapter, it could also be 
mentioned that organic λ3-iodanes have been employed as terminal oxidant in oxidative C-
N bond formation, including metal-catalyzed intramolecular amination reactions. Several 
reports have described the synthesis of nitrogen-containing heteroaromatics via 
intramolecular Csp2-N formation using organic λ3-iodanes as oxidants under various metal 
catalyst system. Hence, targets have included the synthesis of carbazoles,16 indolines,17 
                                                              
(13) Berzina, B.; Sokolovs, I.; Suna, E. ACS Catalysis 2015, 5, 7008-7014.  
(14) Yorinobu, Y.; Tamotsu, Y.; Makoto, O. Chem. Lett. 1975, 4, 361-362.  
(15) Li, Z.; Capretto, D. A.; Rahaman, R. O.; He, C. J. Am. Chem. Soc. 2007, 129, 12058-12059.  
(16) Jordan-Hore, J. A.; Johansson, C. C. C.; Gulias, M.; Beck, E. M.; Gaunt, M. J. J. Am. Chem. Soc. 2008, 130, 
16184-16186.  
(17) He, G.; Lu, C.; Zhao, Y.; Nack, W. A.; Chen, G. Org. Lett. 2012, 14, 2944-2947.  
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phenanthridines,18 Benzimidazo[2,1-i]purine,19 and tetrahydroquinoline20(Scheme 8). It 
should be pointed out metal-free process could also be achieved in the presence of PIFA to 
construct a veriety of cyclic systems, including the naphtho-fused pyrrolo[2,1-
c][1,4]diazepines21(last example in Scheme 8). The latter reactivity type may involve the in 
situ formation of reactive N-centered intermediates. 
Scheme 8. Transition metal catalyzed reactions using organic λ3-iodanes as oxidants. 
4.1.2 Synthesis of N-Arylimidazoles  
As already illustrated in Scheme 6, metal-catalyzed N-arylation of amine (including with λ3-
iodanes) constitutes a powerful method to access to N-aryl imidazoles. The importance of 
this fact is related to the presence of the imidazole core in a wide range of biologically active 
compounds, due to the unique structural feature of the heterocycle ring to enable binding 
(weak interactions) with a variety of enzymes and receptor in biological system.22  
 Figure 1. N-aryl imidazole scaffold in biologically active compounds. 
Not surprisingly, palladium-, nickel- and copper-based catalyst systems have been widely 
exploirted in the classical Buchwald-hartwig N-arylation of imidazoles. For example, the 
bulky monophosphine catalyst system Pd/L1 could be utilized for unactivated aryl halide 
                                                              
(18) Pearson, R.; Zhang, S.; He, G.; Edwards, N.; Chen, G. Beilstein J. Org. Chem. 2013, 9, 891-899.  
(19) Qu, G.-R.; Liang, L.; Niu, H.-Y.; Rao, W.-H.; Guo, H.-M.; Fossey, J. S. Org. Lett. 2012, 14, 4494-4497.  
(20) Yang, M.; Su, B.; Wang, Y.; Chen, K.; Jiang, X.; Zhang, Y.-F.; Zhang, X.-S.; Chen, G.; Cheng, Y.; Cao, Z.; 
Guo, Q.-Y.; Wang, L.; Shi, Z.-J. 2014, 5, 4707.  
(21) Correa, A.; Tellitu, I.; Domínguez, E.; Moreno, I.; SanMartin, R. J. Org. Chem. 2005, 70, 2256-2264.  
(22) Zhang, L.; Peng, X.-M.; Damu, G. L. V.; Geng, R.-X.; Zhou, C.-H. Med. Res. Rev. 2014, 34, 340-437.  
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(Scheme 9A).23 N-phenylimidazole could also be prepared with the recyclable NiCl2·6H2O 
under microwave exposure (Scheme 9B).24 
 Scheme 9. Transition metal-catalyzed N-arylimidazole synthesis. 
Among these transition metals, copper has been widely studied for assembling the N-
arylimidazole. In 1999, Buchwald and coworkers found that Cu(OTf)2·PhH/ 1,10-
phenanthroline catalytic system could promote N-arylation of imidazoles at relatively low 
temperature (110-125 ℃).25 The same group further optimized the reaction conditions by 
introducing more electron-rich 4,7-dimethoxy-1,10-phenanthroline, with which the reaction 
could be carried out at milder conditions and low catalyst loading (Scheme 10).26 The 
coupling of hindered substrates (both aryl halides and substituted imidazole) could also 
afford the product in moderate to good yields. Two regioisomers were formed in the reactions 
of 4(5)-substituted imidazoles, favoring the sterically less encumbered 4-substituted 
imidazoles.  
Scheme 10. Cu-catalyzed N-arylation of imidazoles. 
Due to the steric effect, the N-arylation of 4(5)-substituted imidazoles does not constitute a 
viable approach to selectively prepare 5-substituted imidazoles. Few alternative protocols 
have been developed to achieve the 5-substituted-N-arylimidazoles selectively, including van 
Leusen imidazole synthesis (Scheme 11A)27 and substitution of 1-aryl-1H-imidazoles 
                                                              
(23) Anderson, K. W.; Tundel, R. E.; Ikawa, T.; Altman, R. A.; Buchwald, S. L. Angew. Chem. Int. Ed. 2006, 45, 
6523-6527.  
(24) Gupta, A. K.; Tirumaleswara Rao, G.; Singh, K. N. Tetrahedron Lett. 2012, 53, 2218-2221.  
(25) Kiyomori, A.; Marcoux, J.-F.; Buchwald, S. L. Tetrahedron Lett. 1999, 40, 2657-2660. 
(26) (a) Altman, R. A.; Buchwald, S. L. Org. Lett. 2006, 8, 2779-2782. (b) Altman, R. A.; Koval, E. D.; Buchwald, 
S. L. J. Org. Chem. 2007, 72, 6190-6199.  
(27) Lamberth, C.; Dumeunier, R.; Trah, S.; Wendeborn, S.; Godwin, J.; Schneiter, P.; Corran, A. Biorg. Med. 
Chem. 2013, 21, 127-134.  
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(Scheme 11B)28. 
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 Scheme 11. Selective synthesis of 5-substituted-N-arylimidazoles. 
4.2 Objectives 
A new (NH-imidazolyl)aryliodonium salt 2 was obtained in our laboratory (Scheme 12). The 
objective of this chapter is to build up this species to develop a new approach to N1-phenyl-
5-iodoimidazole which could then serve as a precursor to reach various 1,5-imidazole 
derivatives.    
 Scheme 12. N1-phenyl-5-iodoimidazole synthesis from 2. 
4.3 Results and Discussion 
4.3.1 Formation and the (Correct) Structure of an Aryl(imidazolyl)iodonium Salt 
Our entry into the chemistry of azole-based iodonium salts was somewhat fortuitous and 
occurred as an extension of a general study on the reactivity of iodine(III)-bound enolates, 
as presented in Chapter 2. Specifically, in light of the synthetic importance attributed to 
iodonium O-enolates (Figure 2A),29 we originally sought to probe the reactivity of the 
analogous N-enaminates (Figure 2B). While we failed to find any literature precedent for 
such species, our attention was turned to an imidazole-based λ3-iodane reported in 2007.30 
Though not strictly an enaminate, the structure does contain an N-C=C unit, albeit as part of 
an aromatic imidazole ring N-bound to an iodine(III) center (Figure 2C). This structure 
appeared as a reasonable surrogate to study enamine chemistry in the context of hypervalent 
                                                             
(28) Bellina, F.; Cauteruccio, S.; Mannina, L.; Rossi, R.; Viel, S. J. Org. Chem. 2005, 70, 3997-4005.  
(29) (a) Norrby, P.-O.; Petersen, T. B.; Bielawski, M.; Olofsson, B. Chem. Eur. J. 2010, 16, 8251-8254. (b) Arava, 
S.; Kumar, J. N.; Maksymenko, S.; Iron, M. A.; Parida, K. N.; Fristrup, P.; Szpilman, A. M. Angew. Chem. Int. Ed. 
2017, 56, 2599-2603.  
(30) Veretennikov, E. A.; Gavrilov, A. E. Chem. Heterocycl. Compd. 2007, 43, 1081-1082.  
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iodine reactivity. In fact, while the presence of an N-I bond in λ3-iodane reagents is less 
common (when compared to the C-I bonds), such unit is present in some synthetically 
important reagents, including the popular ArI=NTs2,31 and ArI[N(SO2R)2]2 developed by 
Muñiz et al.32. 
 Figure 2. Analogy between iodonium O-enolate and N-enaminate λ3-iodanes.  
With this in mind, we went on to synthesize the imidazolium derivative C. Just as described 
in the original report, simply mixing [bis(trifluoroacetoxy)iodo]benzene (PIFA) with 
imidazole (2 equiv.) in acetonitrile at room temperature produced after 2 hours a white 
precipitate, identified by the authors as the N-I structure 2’ (Scheme 13). The product was 
then separated by filtration and was washed with CH2Cl2. 
 Scheme 13. Synthesis of 2’described in the literature30. 
Compound 2’ proved rather insoluble in aprotic solvents, including CH2Cl2 and CHCl3, but 
dissolved well in MeOH. Interestingly, the 1H NMR spectrum recorded in methanol-d4 was 
inconsistent with the proposed structure, showing only 2 out of 3 expected imidazolic 
resonances (8.05 and 7.86 ppm, 1H each, Figure 3). This observation immediately suggested 
that the imidazole ring might, in fact, be C- rather than N-bound. This hypothesis was 
confirmed when colorless X-Ray quality crystals of this species were obtained by leaving a 
solution containing imidazole and PIFA in acetonitrile undisturbed for 3 days. The solid state 
structure revealed a classical T-shaped λ3-iodane, and featured the imidazole unit bound to 
iodine through the C4(5) carbon atom, leaving a free NH group. 
                                                              
(31) (a) Dauban, P.; Dodd, R. H. Synlett 2003, 2003, 1571-1586. (b) Halfen, J. A. Curr. Org. Chem. 2005, 9, 657-
669. (c) Yoshimura, A.; Zhdankin, V. V. Chem. Rev. 2016, 116, 3328-3435. (d) Karila, D.; H. Dodd, R. Curr. Org. 
Chem. 2011, 15, 1507-1538. (e) Zalatan, D. N.; Bois, J. D. In C-H Activation; Yu, J.-Q., Shi, Z., Eds.; Springer 
Berlin Heidelberg: Berlin, Heidelberg, 2010, p 347-378. (f) Chang, J. W. W.; Ton, T. M. U.; Chan, P. W. H. The 
Chemical Record 2011, 11, 331-357. 
(32) (a) Souto, J. A.; Martínez, C.; Velilla, I.; Muñiz, K. Angew. Chem. Int. Ed. 2013, 52, 1324-1328. (b) Purkait, 
N.; Okumura, S.; Souto, J. A.; Muñiz, K. Org. Lett. 2014, 16, 4750-4753. (c) Bosnidou, A. E.; Millán, A.; Ceballos, 
J.; Martínez, C.; Muñiz, K. J. Org. Chem. 2016, 81, 6496-6504. (d) Romero, R. M.; Souto, J. A.; Muñiz, K. J. Org. 
Chem. 2016, 81, 6118-6122. 
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 Figure 3. 1H NMR and X-ray structure of phenylimidazolyliodonium salt. 
Under the same reaction conditions, the (diacetoxyiodo)benzene (PIDA) afforded an 
analogous acetate salt 3a in 65% yield (Scheme 14). 
N
HN
N NH
I
AcO
3a, 65%
MeCN+
room temp, 15 h
OAc
I
AcO
 Scheme 14. Synthesis of 3a. 
Compound 2 and 3a thus belong to a small and underexplored subfamily of diaryliodonium 
salts, those containing an unprotected (NH) azole moiety. Although this class of compounds 
was first introduced by Neiland et al in a series of articles in the 1960’s and 70’s using 
pyrazole and indole (Scheme 15A),33 these species attracted surprisingly little attention. 
Recently, however, the synthesis and reactivity of pyrazole-based iodonium salts have been 
revisited, including an efficient thermal “self”-N-arylation (Scheme 15B).34 In a broader 
context, the use of azole-based iodonium species has allowed for the development of new 
reactivity manifolds, including the recent reports on indole C3 functionalization by Suna et 
al.35  
I
TfO
N N
NH3 (aq.)/toluene
+NH
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I
r.t., 20 hNNH
I
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Neiland et al.
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HN
I
Br
Neiland et al.
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A) B)
Novák et al.
2015
74%-OTf
 Scheme 15. (NH-azolyl)aryliodonium salts and the application. 
For the newly obtained imidazole-based iodonium salts 2 and 3a, while the N-bound proton 
in the solid state structure was located at the “distal” (N3) nitrogen atom, it is likely that both 
possible tautomers are present in solution in rapid equilibrium. Interestingly, for both salts 
                                                             
(33) (a) Karele, B. Y.; Kalnin', S. V.; Grinberga, I. P.; Neiland, O. Y. Chem. Heterocycl. Compd. 1973, 9, 226-229. 
(b) Neilands, O. Chem. Heterocycl. Compd. 2003, 39, 1555-1569.  
(34) Gonda, Z.; Novák, Z. Chem. Eur. J. 2015, 21, 16801-16806.  
(35) Sokolovs, I.; Lubriks, D.; Suna, E. J. Am. Chem. Soc. 2014, 136, 6920-6928.  
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the observed C4(5)-bound isomer was found by DFT calculations (results by prof. A. Lledós) 
to be more energetically favored than the C2- and N-bound isomers (Figure 4). In particular, 
the N-bound isomer 2’ (as originally proposed in Scheme 13) lies 15.0 kcal mol-1 higher than 
the correct structure 2. 
 Figure 4. DTF calculations (Gibb’s Free Energies in MeCN). 
4.3.2 The Reactivity of the Imiazole-based Iodonium Salt in Internal I-to-N Aryl 
Transfer 
The newly obtained salts 2 and 3a present structural features that make them an attractive 
platform for the development of new synthetic methods. As asymmetrical diaryliodonium 
derivatives, a series of aryl transfer reaction may be envisaged, including the C-, N- and O-
arylation.12,36 In such cases, although a priori the chemoselectivity (i.e. Ph vs imidazole 
transfer) is not known, the electronic effect might lead to a selective Ph transfer in metal-free 
processes, setting up the imidazole as a good spectator group. We should also mention that 
while NH-imidazole-based λ3-derivatives have not been reported, the earlier work by 
Neiland et al. on the related pyrazole species33a suggests that the NH group in azole-based 
salts might have pKa’s as low as ~10-11, i.e. comparable to those of phenol (this will be 
discussed below, e.g. in Scheme 17). What drew our attention, however, was the close special 
disposition of the [I-Ph] group and one of the nitrogen atoms. We wondered whether an 
intramolecular N-arylation might be possible, and whether the arylation at the proximal 
nitrogen might thus be favored. In such case, and provided that the iodine is retained, the 
reaction would afford the synthetically attractive N-phenyl-5-iodoimidazole as a precursor 
to construct 1,5-disubstituted imidazoles (Scheme 16). 
 Scheme 16. The proposal of synthetically attractive N-phenyl-5-iodoimidazole formation. 
We quickly discovered that the desired iodine-to nitrogen phenyl transfer did not take place 
simply upon heating 2 or 3a in CH2Cl2. Since the deprotonation of the imidazolyl group 
should increase the nucleophilicity of the nitrogen center, the reaction was then tested under 
                                                              
(36) (a) Merritt, E. A.; Olofsson, B. Angew. Chem. Int. Ed. 2009, 48, 9052-9070. (b) Stuart, D. R. Chem. Eur. J. 
2017. DOI: 10.1002/chem.201702732 
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basic conditions. While no rearrangement was observed, salts 2 or 3a did undergo 
deprotonation with inorganic bases (K3PO3, NaOH) to give the zwitterionic neutral 5. For 
this species both the solid state and DFT structures show an essentially “normal” single Cimid-
I bond (2.063±0.012 Å, compared to 2.091 Å observed for 2, Scheme 17A). The reluctance 
of this species to undergo a rearrangement was eventually rationalized through a high energy 
transition state (DFT, 35.6 kcal mol-1) identified for the direct (non-catalyzed) iodine-to-
nitrogen 1,3 phenyl migration (Scheme 17B). 
 
Scheme 17. Deprotonation of 2 or 3a in basic conditions (A) and reaction path modelled 
for uncatalyzed 1,3 phenyl migration (B)  
An initial lead was obtained while studying the behavior of 3a in the presence of transition 
metal salts. Specifically, the addition of 5 mol% Cu(OTf)2 to a solution of 3a in CH2Cl2 did 
allow for the formation of two regioisomeric N-phenyl iodoimidazoles 4a and 6a, with both 
structures confirmed by X-Ray diffraction (Scheme 18).  
N NH
I
AcO
Cu(OTf)2 (5 mol%)
DCE, 50 oC +
4a, 8%6a, 22%3a
N N
I
N
NI
 
Scheme 18. Cu-catalyzed N-phenyl iodoimidazoles formation. 
The formation of the desired 4a, albeit in small amounts, opened the possibility of further 
developing the iodine-to-nitrogen phenyl transfer through the choice of the appropriate 
reaction conditions. For example, a simple addition of an inorganic base, while highly 
detrimental to the yield, shifted the 6a:4a ratio from 1:0.4 to 1:2 (Table 1). 
A significant increase in both yield and regioselectivity was achieved when the reaction was 
carried out in fluorinated alcohols (Table 2). Even without base, the reaction favored 4a, 
especially in hexafluoroisopropanol (HFIP), leading to a moderate yield and to selectivities 
of up to 1:4 (entries 1-2). The overall yield could be improved when employing inorganic 
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bases, with particularly efficient coupling taking place in the presence of stoichiometric 
Cs2CO3 (86% yield). 
Table 1. Cu-catalyzed formation of N-Aryl-iodoimidazoles. 
 
entry  base Yielda 6a:4aa 
1 --- 30% 1:0.4 
2 K3PO4 16% 1:2.2  
3 K2CO3 10% 1:2.0 
a Total yield (6a and 4a) and the ratio, as determined by GC. 
Table 2. Cu-catalyzed N1-Aryl-5-iodoimidazoles formation in fluorinated alcohol. 
 
entry  base solvent Yielda 6a:4aa 
1 --- TFE 51% 1:1.5 
2 --- HFIP 53% 1:4.2  
3 K3PO4 HFIP 80% 1:4.3 
4 K2CO3 HFIP 81% 1:4.7 
5 Cs2CO3 HFIP 86% 1:4.1 
a Total yield (6a and 4a) and the ratio, as determined by GC. b TFE: trifluoroethanol; HFIP: 
hexafluoroisopropanol. 
No further improvement was reached in either yield or selectivity when other parameters 
were modified. For example, similar results were obtained employing various copper Cu(I) 
and Cu(II) sources. The addition of common ligands, such as N,N-, O,O-, N,O-, P,P-bidentate 
donors, often beneficial (or, even, crucial) in Cu-catalyzed reactions, showed no positive 
effect on this transformation (but see below!). 
Interestingly, while tracing the reaction progress by gas chromatography (GC, Figure 5), we 
noticed that while completion was reached after 1 day, the bulk of the undesired 4-iodo 
isomer 6a (blue line) formed during the first 2 hours of heating. This led us to consider the 
possibility that a catalyst evolution during the course of the reaction might be responsible for 
a more selective N-arylation at later stages. This included the possibility of the Cu center 
binding to one of reaction’s products or byproducts. 
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N NH
I
AcO
Cu(OTf)2 (5 mol%)
K3PO4 (1.5 equiv.), HFIP, 50 oC
N N
I
4a3a
+   4-iodo isomer
6a  
 Figure 5. Reaction profile. 
In particular, the GC-MS analyses of the reaction mixture indicated, in addition to 4a and 6a, 
the formation of small amounts of the 5-iodoimidazole by-products. Using the simple 
imidazole as the surrogate, we proceeded to test the reaction in the presence of 5 mol% of 
this azole as an additive (entries 1-2, Table 3). While somewhat detrimental to the yield, the 
presence of imidazole did indeed result in a higher level of selectivity for the desired 5-iodo 
derivative 4a. The effect of the amount of added imidazole was then tested (entries 2-6), 
showing a significant improvement (up to 10.5:1 of 4a:6a) at higher additive loadings (entry 
6). Taking to account both the yield and the selectivity, a 20 mol% additive loading (i.e. entry 
5) was chosen for further exploration.  
Table 3. Cu-catalyzed N1-Aryl-5-iodoimdazoles formation. 
N NH
I
AcO
Cu(OTf )2 (5 mol%), imidazole
Cs2CO3 (1.5 equiv.), HFIP, 50 oC
N N
I
4a3a
+   4-iodo isomer
6a  
entry  imidazole Total Yielda 4aa 4a:6aa 
1 --- 86% 69% 4.1:1 
2 5 mol% 75% 64% 6.0:1 
3 10 mol% 77% 67% 6.5:1  
4 15 mol% 77% 68% 7.0:1 
5 20 mol% 79% 70% 7.8:1 
6 40 mol% 70% 64% 10.5:1 
a Determined by GC. 
Encouraged by a positive effect exerted by the imidazole, other hetercyclic additives were 
tested (Table 4). Most proved to benefit the regioselectivity, although with some of them (e.g 
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indole) showing a detrimental effect on the yield of 4a. Best results were found using the 
benzimidazole and N-methyl-benzimidazole, which allowed for an overall >90% GC yield 
and an 8:1 selectivity in favor of 4a. 
Table 4. Cu-catalyzed N1-Aryl-5-iodoimdazoles formation.a 
The improved selectivity with these additives was interpreted as the results of the formation 
of the copper-heterocycle complexes as the catalyst species. Indeed, best results were 
achieved by pre-mixing Cu(OTf)2 with the additive and the base for 20 min at room 
temperature, presumably favoring complex formation. As an indirect evidence, while 
Cu(OTf)2 alone did not dissolve well in HFIP, we observed the formation of a green solution 
upon addition of N-methyl-benzimidazole to the mixture. Combining the result of our 
optimization studies, we arrived to a protocol in which the Cu(OTf)2 precursor was premixed 
with N-methyl-benzimidazole and Cs2CO3 (1.5 equiv) in HFIP at room temperature, 
followed by the addition of (NH-imidazolyl)phenyliodonium salt 3a. Upon heating to 50 ℃ 
for 15 h, the 5-iodoimidazole derivative 4a was formed in a 74% yield (Scheme 19). 
 
Scheme 19. Cu-catalyzed N-phenyl-5-iodoimidazoles formation. 
It should be mentioned at this point that our optimization studies also uncovered conditions 
under which the 4-iodo isomer 6a could be formed with high regioselectivity but in a 
moderate yield (Scheme 20). Given, however, that the 1,4-imidazole derivatives are 
accessible by the conventional N-arylation methods, this approach was not further pursued 
at this time. 
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 Scheme 20. Cu-catalyzed N-phenyl-4-iodoimidazoles formation. 
4.3.3 The Access to N1-Aryl-5-iodoimidazoles via NH-Heterocyclic Aryliodonium Salts  
With the optimized procedure at hand, we became interested in establishing the scope of the 
N1-aryl-5-iodoimidazoles that can be accessed by this method. This, in turn, led us to revisit 
the formation of the requisite imidazole-based iodonium salts 3. While convenient, the 
original protocol employing acetonitrile as reaction medium only produced moderate yields 
of 3a (65%, Scheme 14 or entry 1 in Table 5). A further solvent screen (Table 5) revealed 
that while a range of polar and nonpolar solvents were suitable, improved yields of 3a were 
obtained in an alcohol medium (entries 2-4). However, due to the excellent solubility of 3a 
in alcohols, product isolation now required additional steps, consisting in the removal of the 
solvent and the addition of MeCN or CH2Cl2 to induce the formation of a solid. 
Table 5. Optimization of imidazole-based iodonium salts 3a synthesis. 
 
entry  solvent 3aa entry  solvent 3aa entry  solvent 3aa 
1 MeCN 63% 5 CH2Cl2 50% 9 toluene 62% 
2 MeOH 87% 6 CHCl3 52% 10 EtOAc 54% 
3 TFE 83% 7 THF 46% 11 Cyclohexane 69% 
4 HFIP 77% 8 dioxane 47% 12 Et2O 58% 
a 1H NMR yield. 
Nevertheless, the original synthesis in acetonitrile is still attractive on large scales thanks to 
the highly convenient reaction workup. For example, the synthesis 3a was reproduced on a 
120 mmol scale, giving a ~ 23 g batch of pure 3a upon filtration and a CH2Cl2 wash. As 
illustrated in Scheme 21, the reaction was conducted in a simple Erlenmeyer flask, and the 
product was stable on benchtop for months without any special precautions. 
Next, we synthesized the imidazole-based iodonium salts 3 containing a range of substituted 
arene cores (Table 6). As described in Chapter 3, most of the requisite λ3 diacetate species 
ArI(OAc)2 were conveniently prepared by a straightforward oxidation of the corresponding 
iodoarene using NaBO3·4H2O or NaIO4. Thus, salts with both electron-rich and -deficient 
aryl groups could be obtained in good to high yields (see products 3b-3j, 3n). The bulky 
mesityl group, as well as the thienyl and the naphthyl groups could also be introduced (see 
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products 3k-3m and 3o). The method was also compatible with the 2- and 4-substituted NH-
imidazoles (see products 3p-3r). It should be noted that the discrepancies between the 1H 
NMR and isolated yields in some cases (especially 3j, 3k, 3q) are likely the result of the 
incomplete product precipitation during the workup, and will require further optimization. 
 
Scheme 21. Synthesis of 3a on multi-gram scale. 
Table 6. Various imidazole-based iodonium salts 3 synthesis. 
N
N
HN NAr
3
or
Het-I(OAc)2
MeOH+ room temp, 16 h
64% (81%)
85% (87%)
70%
57% (67%)
71% (96%)
HN N
I
AcO
R
3b, 
3c, 
3d, 
3e,
R = Me,  
R = OMe, 
R = Cl,     
R = OCF3,
76% (91%)
62% (81%)
68% (81%)
72% (91%)
HN N
I
AcO 3f,
3g,
3h,b
3i,
3j,
R = m-OMe 
R = m-Br
R = m-CN
R = o-Me 
R = o-Br
R
HN N
I
AcO
3k, 47% (90%)
HN N
I
AcO
3l,b 47% (90%)
S HN N
I
AcO
3m, 72% (74%)
S HN
N
I
AcO
Ph
3n, 79% (83%)
HN N
I
AcO
3o, 76% (82%)
a Isolated yield (NMR yield); b MeCN was used as solvent.
HN N
I
AcO
3p, 64% (79%)
Me
3q,b 59% (90%)
HN N
I
AcO
3r, 73% (79%)
I
 
We then proceeded to test the newly prepared imidazole-based iodonium salts 3 in the Cu-
catalyzed formation of the N1-aryl-5-imdazoles (Table 7). Both electron-donating and mildly 
electron-withdrawing substituents at the para, meta or ortho position of aryl group could be 
transferred from the iodine atom to the nitrogen atom of imidazole (4b-4j). In fact, even a 
di-ortho substitution was tolerated, as illustrated in the successful synthesis of the highly 
hindered N-mesityl-5-iodoimidazole, 4k. We were particularly pleased with the successful 
incorporation of a second heterocycle, as in the 2- and 3-thienyl derivatives 4l and 4m. The 
4-iodobiphenyl and 2-iodonaphthalene derivatives could also be obtained in 70% and 74% 
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yield, respectively (4n and 4o). In the case of the 4-Me-imidazolyl iodane 3p, a 13:1 4/6 
selectivity was achieved, affording the target 4p in an 87% yield. In this case, selectivity 
evidently benefited from hindrance at the competing N-site. The aryl transfer in the 2-Me 
derivative 2q was less efficient, providing 4q in 31% yield. The method was also applied to 
produce an 82% of the 4,5-diiodo derivative 4r. While the system had been successful with 
moderately electron-withdrawing substituents, the use of the strongly electron-deficient m-
CN derivatives 3h afforded <5% of the rearranged product. 
Table 7. Substrate scope of Cu-catalyzed N1-aryl-5-iodoimdazoles formation. 
 
It should be noted that despite their close Rf values, the isomeric 4 and 6 could generally be 
separated well by standard column chromatography on silica gel. The isomer assignment was 
aided by 13C NMR thanks to an approximately 10 ppm difference in the chemical shift of the 
iodine-bound carbon observed in all isomer pairs. Hence, the “high field” isomer (13C-I: σ 
70~75 ppm) was identified as the 1,5 derivative 4, while the “low field” isomer (σ 80-85 
ppm) was correlated with 6 (13C NMR of 4a and 6a in Figure 6).  
4.3.4 Mechanistic Study 
As mentioned in section 4.3.2, the formation of the N1-Aryl-5-iodoimdazole 4 was envisaged 
to proceed via the internal formal [1,3] I-to-N aryl transfer (intramolecular process). Indeed, 
while in principle the product could also arise from an intermolecular process, a priori it 
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appeared unlikely a bimolecular process which could favor the sterically more hindered 4 (in 
detriment to 6) at such high levels of selectivity. To gain further insight, a series of cross-
over experiments were conducted using salts 3a-d2 and 3b under the standard conditions 
(Scheme 22). In the case that the aryl group were to be transferred via an intermolecular 
process, a statistical mixture of the “normal” products (4a-d2 ,4b) and cross-over products 
(4ab,4ba-d2) would be expected. In contrast, the results in Scheme 22 revealed a 
predominant formation of 4a-d2 and 4b (62% and 56%, respectively), accompanied by only 
small amounts of the cross-over products 4ab and 4ba-d2. This result is consistent with our 
original assumption of an intramolecular process as the major path. In addition, the reaction 
also produced small amounts of the 1,4-isomer 6 in nearly statistical distribution, indicating 
the side-product formation might indeed be governed by an intermolecular path.  
 
Figure 6. 13C NMRs of 4a (left) and 6a (right). 
+
N N
I
N N
I D
D
N N
I
N N
I D
D
4ab, 7%4a-d2, 62% 4ba-d2, 8%4b, 56%
Cu(OTf) 2 (5 mol%)
standard conditions
3a-d2
HN N
I
AcO D
D 3b
HN N
I
AcO
Me
"normal" products cross-over products
(intermolecular process)
+ 4 possible 1,4-isomers with nearly equal amount (6%~7%)
Scheme 22. Cross-over experiment between 3a-d2 and 3b. 
The notion that the formation of the 1,4-isomer (6) is due to a bimolecular reaction was 
further supported by a cross-over experiment between 3a-d2 and 3b under the conditions 
known to favor the formation of this product (HOAc in CH2Cl2, Scheme 23). As expected 
for an intermolecular coupling, the reaction afforded a virtually statistical mixture of the 
“normal” 1,4 products (6a-d2: 19%; 6b: 23%) and cross-over products (6ab: 20% ,4ba-d2: 
21%).  
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Scheme 23. Cross-over experiment between 3a-d2 and 3b under 6 favored conditions 
As mentioned earlier, the formation of the Zwitterionic neutral species 5 was readily 
observed under basic conditions through the deprotonation of the salt 3 (see in Scheme 17). 
This species was assumed to be the actual substrate in the Cu-catalyzed I-to-N aryl transfer. 
Consistently, the preformed 5 proved to be a competent substrate in this process even in the 
absence of a base, affording the target 4a in good yield and regioselectivity (Scheme 24, top). 
We also discovered that 4a was still the major product, albeit in a low yield, when the reaction 
of 5 was carried out in CH2Cl2 (the conditions favored for 6a formation using the salt 3a as 
substrate). Although further tests will be needed to fully understand this phenomenon, these 
results indicate that the in situ formed Zwitterion 5 may be crucial for the regioselective 
formation of 4a. Perhaps relevant to its reactivity, the structure of 5 can be represented by 
several resonance drawings (Scheme 24, bottom), including the ylide-like A and the charge-
localized B, C, D etc. As expected, preliminary DFT calculations showed a significant charge 
localization on both nitrogen atoms, represented by a main contribution from resonances B 
and C. 
In light of the above results, a tentative mechanism was outlined at the early stages of this 
work (Scheme 25). The reaction would begin with the deprotonation of (NH-
imidazolyl)phenyliodonium salt 3a. The N1 of 5 would then coordinated with copper catalyst 
to give intermediate A. Despite employing a CuII precatalyst, literature precedent suggests 
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that the true catalytic species is likely a CuI center.37 The transfer of the formal Ph+ group 
(oxidative with respect to Cu) from iodine to copper would then lead to a Cu(III)-phenyl 
intermediate B. The product 4a was then formed by reductive elimination. 
 Scheme 24. The reactions of Zwitterionic 5. 
 
Scheme 25. The proposed mechanism. 
In collaboration with the group of prof. A. Lledós (Universitat Autònoma de Barcelona) we 
sought insight into the reaction mechanism employing DFT calculation. Since the reaction 
in the absence of an additive could also reach moderate levels of regioselectivity, this initial 
DFT study was performed in the absence of an added heterocycle to reduce the computational 
cost (Scheme 26). The calculation result revealed the iodine-to-copper phenyl transfer step 
to proceed with an activation barrier of of 26.2 kcal mol-1 (TS-1), indeed reaching the CuIII-
phenyl intermediate B. A Localized Orbital Analysis supports the change in copper oxidation 
state and allows for visualization of the flow of electrons (see small green spheres of TS-1). 
The final C-N bond formation then takes place through an essentially barrierless reductive 
elimination step (TS-2). Given the energetic proximity between B and TS-2, the mechanism 
                                                              
(37) (a) Lockhart, T. P. J. Am. Chem. Soc. 1983, 105, 1940-1946. (b) Phipps, R. J.; Gaunt, M. J. Science 2009, 323, 
1593-1597. (c) Chen, B.; Hou, X.-L.; Li, Y.-X.; Wu, Y.-D. J. Am. Chem. Soc. 2011, 133, 7668-7671. (d) Ley, S. V.; 
Thomas, A. W. Angew. Chem. Int. Ed. 2003, 42, 5400-5449. (e) Hickman, A. J.; Sanford, M. S. Nature 2012, 484, 
177-185.  
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is energetically close to what may be described as “copper-guided concerted iodine-to-
nitrogen phenyl migration”, shown with a dotted arrow in Scheme 25. A preliminary DFT 
investigation also revealed that the coordination of N-Me-benzimidazole to the CuI center 
may disfavor the binding of two molecules of 3 to the same copper center, hence enforcing 
an intramolecular mode of phenyl transfer. 
It should be mentioned that although the phenyl migration is favorable in the reaction 
involved copper catalyst (26.2 kcal mol-1 in Cu-catalyzed system versus 36.5 kcal mol-1 in 
non-catalyst system), the activation barrier is still quite high. Indeed, the calculation did not 
take account the role of the additive N-methylbenzimidazole nor the solvent (HFIP), both of 
which are likely to play an important role in the process. Further calculations are currently 
underway. 
 Scheme 26. A DFT profile for the Cu-catalyzed aryl migration. 
4.3.5 Versatility of the 1-Aryl-5-iodoimidazoles in the Synthesis of 1,5-Substituted 
Imidazoles 
In collaboration with Dr. Susana Izquierdo, we conducted a brief reactivity survey to 
illustrate the potential of the imidazolic C(5)-I group as gateway to a wide spectrum of 1,5-
imidazole derivatives (Scheme 27). Thus, the 5-alkynyl and 5-aryl derivatives 7 and 8 were 
prepared by Pd-catalyzed carbon-carbon coupling reactions. Additionally, copper-catalyzed 
C-N bond formation was readily accomplished to give the pyrrolidinone derivative 9.38  
The N1-phenyl-5-iodoimidazole (4a) was also readily converted into an organomagnesium 
species39 which served, via quenching with an electrophile, as precursor to the 5-formyl and 
                                                              
(38) (a) Klapars, A.; Antilla, J. C.; Huang, X.; Buchwald, S. L. J. Am. Chem. Soc. 2001, 123, 7727-7729. (b) Fox, 
J. M.; Huang, X.; Chieffi, A.; Buchwald, S. L. J. Am. Chem. Soc. 2000, 122, 1360-1370. (c) Wang, M.; Zhang, Z.; 
Xie, F.; Zhang, W. Chem. Commun. 2014, 50, 3163-3165. 
(39) Krasovskiy, A.; Knochel, P. Angew. Chem. Int. Ed. 2004, 43, 3333-3336. 
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the 5-borylderivatives 10 and 11 (Scheme 28).40 In the case when chlorodiphenylphosphine 
was employed, a major peak with a m/z = 328 was found by GC-MS, indicating the formation 
of the target 5-diphenylphosphanylderivative 12. This result showed that the method may in 
principle be suitable for the synthesis of a new class of biarylphosphine ligands. 
Unfortunately, difficulties in purification (and shortage of time) led us not to pursue the 
synthesis of these phosphine derivatives at this time. 
 Scheme 27. Versatility of the N-aryl-5-iodoimidazoles  
 
Scheme 28. Versatility of the 1-aryl-5-iodoimidazoles  
4.4 Conclusion 
In conclusion, we have developed a new family of aryl(NH-imidazolyl) iodonium salts, 
which are obtained by simply treating imidazole with ArI(OAc)2. This new λ3-iodane reagent 
could serve as an attractive stepping stone for the formation of challenging 1,5-disubstituted 
imidazoles, N-aryl-5-iodoimidazole. The method complements common existing methods 
known to produce the sterically favored 1,4-derivatives. The method was tolerant of a variety 
of aryl substitution patterns, including mono or bis-ortho substitution. Through subsequent 
transformation of the iodine group, the newly formed N1-aryl -5-iodoimidazole constitutes 
                                                              
(40) (a) Demory, E.; Blandin, V.; Einhorn, J.; Chavant, P. Y. Organic Process Research & Development 2011, 15, 
710-716. (b) Bethel, P. A.; Campbell, A. D.; Goldberg, F. W.; Kemmitt, P. D.; Lamont, G. M.; Suleman, A. 
Tetrahedron 2012, 68, 5434-5444. 
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a valuable precursor to a wide range of products. Experimental and DFT data suggest that 
selectivity is likely the result of an intramolecular copper-catalyzed iodine-to-nitrogen 
migration of the aryl fragments. 
4.5 Experimental Section  
General Information 
Reagents. All commercially acquired reagents were used as received, including copper(II) 
triflate, caesium carbonate and hexafluoro-isopropanol (HFIP). 
Reaction conditions. Reactions requiring inert atmosphere were conducted under nitrogen 
using standard Schlenk line techniques. All other reactions were performed employing 
standard organic synthesis protocols. 
4.5.1 Synthesis of the Aryl(NH-imidazolyl)-λ3-iodanes. 
 
Preparation: general procedure. Reaction were conducted under air atmosphere. A round 
bottom flask was charged with ArI(OAc)2 and MeOH (or CH3CN). Upon stirring for 5 min, 
imidazole was added (neat), and the stirring was continued for 15-16 h at room temperature. 
At this point, the solvent was removed, CH2Cl2 was added to the residue and the mixture was 
stirred at r.t. to achieve a precipitate. Additional Et2O was sometimes added to obtain a better 
yield. The precipitate was filtered and washed with CH2Cl2 three times, then dried under 
vacuum. 
During the synthesis of some ArI(OAc)2, the dimeric [Ph(OAc)-I-O-Ph(OAc)] was 
occasionally observed. The dimer was found to react with the imidazole in the same way to 
give the same diaryliodonium salts, affording two equivalent of the product per equivalent 
of dimer. For this reason, in cases where ArI(OAc)2 contained the dimer impurity, the weight 
of the starting substrate has been calculated taking into account the presence of the dimer. 
2. Following the general procedure, a mixture of [bis(trifluoroacetoxy) 
iodo]benzene (10 mmol, 4.3 g) and imidazole (20 mmol, 1.36 g) was 
allowed to react in CH3CN (30 mL). White solid, 2.21 g, yield 58%. 
Crystals suitable for X-Ray diffraction were obtained using an analogous 
protocol but with stirring stopped as soon as a clear solution has been achieved (10 min), 
and then keeping the mixture undisturbed for 2 h. 1H NMR (400 MHz, CD3OD) δ 8.12 – 
8.04 (m, 3H, o-Ph + Im), 7.87 (br d, J = 1.2 Hz, 1H), 7.66 (t, J = 7.5 Hz, 1H, p-Ph), 7.51 (virt 
t, J = 7.8 Hz, 2H, m-Ph). 19F NMR (376 MHz, MeOD) δ -76.57. 
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3a. Following the general procedure, a mixture of (diacetoxyiodo)benzene (30 
mmol, 9.66 g) and imidazole (60 mmol, 4.08 g) was allowed to react in MeOH 
(30 mL). White solid, 7.71 g, yield: 78%. 1H NMR (400 MHz, CD3OD)  8.08-
8.05 (m, 2H, Ph), 8.04 (d, J = 1.2 Hz, 1H, imidazole), 7.84 (d, J = 1.2 Hz, 1H, 
imidazole), 7.67-7.63 (m, 1H, Ph), 7.54 – 7.47 (m, 2H, Ph), 1.89 (s, 3H, OAc). 13C NMR 
(126 MHz, CD3OD)  179.89, 141.52, 135.48, 133.15, 132.82, 129.03, 117.47, 104.51, 24.01. 
HRMS (ESI+) m/z calcd for C9H8IN2[M-OAc] + 270.9727, found: 270.9732. 
3a-d2 Following the general procedure, a mixture of (diacetoxyiodo) benzene(4 
mmol, 1.288 g) and imidazole-d4 (4.8 mmol, 346 mg) was allowed to react in 
MeOH (4 mL). White solid, yield: 73% (964 mg). 1H NMR (400 MHz, CD3OD) 
δ 8.22 – 7.97 (m, 2H, Ph), 7.65 (ddt, J = 7.9, 7.0, 1.1 Hz, 1H, Ph), 7.55 – 7.46 
(m, 2H, Ph), 1.89 (s, 3H, OAc). 13C NMR (126 MHz, CD3OD) δ 179.80, 141.47 (t, J = 32 
Hz, C-D), 135.48, 133.22, 132.86, 117.31, 104.00, 23.92. One carbon resonance (129 ppm, 
C-D) was missing. 
3b Following the general procedure, a mixture of p-methyl(diacetoxyiodo) 
benzene (4 mmol, 1.34 g) and imidazole (8 mmol, 545 mg) was allowed to 
react in MeOH (4 mL). White solid, 1.04 g, yield: 76 %. 1H NMR (500 MHz, 
CD3OD) δ 8.02 (d, J = 1.1 Hz, 1H, imidazole), 7.97 – 7.90 (m, 2H, Ar), 7.83 
(d, J = 1.2 Hz, 1H, imidazole), 7.31 (d, J = 8.6Hz, 2H, Ar), 2.39 (s, 3H, Me), 1.89 (s, 3H, 
OAc).13C NMR (126 MHz, CD3OD) δ 179.89, 144.51, 141.43, 135.51, 133.53, 128.82, 
113.69, 104.49, 24.00, 21.27. HRMS (ESI+) m/z calcd for C10H10IN2 [M-OAc]+ 284.9883, 
found: 284.9881. 
3c Following the general procedure, a mixture of p-methoxy 
(diacetoxyiodo)benzene (4 mmol, 1.41 g) and imidazole (8 mmol, 545 mg) 
was allowed to react in MeOH (4 mL). White solid, 888 mg, yield: 62 %. 
1H NMR (400 MHz, CD3OD)  8.03 – 7.93 (m, 3H, Ar and imidazole), 
7.82 (d, J = 1.2 Hz, 1H, imidazole), 7.03 (d, J = 9.2 Hz, 2H, Ar), 3.83 (s, 
3H, MeO), 1.89 (s, 3H, OAc). 13C NMR (101 MHz, CD3OD) δ 179.96, 164.16, 141.37, 
137.62, 128.57, 118.48, 106.03, 104.82, 56.30, 24.05. HRMS (ESI+) m/z calcd for 
C10H10IN2O [M-OAc]+ 300.9832, found: 300.9831. 
3d Following the general procedure, a mixture of p-chloro 
(diacetoxyiodo)benzene (5 mmol, purity: 88%, dimer as impurity, 1.747 g) 
and imidazole (10 mmol, 680 mg) was allowed to react in MeOH (5 mL). 
White solid, 1.239 g, yield: 68%. 1H NMR (500 MHz, CD3OD) δ 8.05 – 
8.01 (m, 3H, Ar and imidazole), 7.83 (d, J = 1.1 Hz, 1H, imidazole), 7.55 – 7.49 (m, 2H, Ar), 
1.89 (s, 3H, OAc). 13C NMR (126 MHz, CD3OD) δ 179.80, 141.87, 139.84, 137.07, 132.90, 
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129.38, 114.81, 104.54, 23.92. HRMS (ESI+) m/z calcd for C9H7ClIN2 [M-OAc]+ 304.9337, 
found: 304.9336. 
3e Following the general procedure, a mixture of p-trifluoromethoxyl 
(diacetoxyiodo)benzene (4 mmol, 1.624 g) and imidazole (8 mmol, 544 mg) 
was allowed to react in MeOH (4 mL). White solid, 1.19 g, yield: 72%. 1H 
NMR (400 MHz, MeOD) δ 8.17 (m, 2H, Ar), 8.05 (d, J = 1.1 Hz, 1H, 
imidazole), 7.85 (d, J = 1.1 Hz, 1H, imidazole), 7.42 (dt, J = 8.1, 1.0 Hz, 
2H, Ar), 1.89 (s, 3H, OAc). 13C NMR (126 MHz, MeOD) δ 179.77, 152.89 (d, J = 1.9 Hz), 
141.55, 137.82, 129.07, 124.94, 121.60 (q, J = 240.66 Hz), 114.79, 105.24, 23.90. 19F NMR 
(376 MHz, MeOD) δ -59.58. HRMS (ESI+) m/z calcd for C10H7F3IN2O [M-OAc]+ 354.9550, 
found: 354.9546. 
3f Following the general procedure, a mixture of m-methoxy 
(diacetoxyiodo)benzene (4 mmol, 1.389 g, [ArI(OAc)]2O dimer present) 
and imidazole (8 mmol, 544.6 mg) were allowed to react in MeOH (4 mL). 
White solid, 0.924 g, yield: 64%. 1H NMR (400 MHz, CD3OD) δ 8.03 (d, 
J = 1.2 Hz, 1H, imidazole), 7.84 (d, J = 1.2 Hz, 1H, imidazole), 7.64 (dd, J = 2.5, 1.7 Hz, 
1H, Ar), 7.59 (m, J = 8.0 Hz, 1H, Ar), 7.40 (t, J = 8.2 Hz, 1H, Ar), 7.18 (m, J = 8.4 Hz, 1H, 
Ar), 3.84 (s, 3H, OMe), 1.89 (s, 3H, OAc). 13C NMR (75 MHz, CD3OD) δ 179.94, 162.61, 
141.73, 133.40, 129.31, 127.24, 120.78, 119.09, 117.16, 104.22, 56.44, 24.01. HRMS (ESI+) 
m/z calcd for C10H10IN2O [M-OAc]+ 300.9832, found: 300.9828. 
3g Following the general procedure, a mixture of m-bromo 
(diacetoxyiodo)benzene (4 mmol, 1.604 g) and imidazole (8 mmol, 544.6 
mg) was allowed to react in MeOH (4 mL). White solid, yield: 1.392 g, 85%. 
1H NMR (500 MHz, CD3OD) δ 8.28 (t, J = 1.8 Hz, 1H, Ar), 8.07 – 8.01 (m, 
2H, Ar and imidazole), 7.85 (d, J = 1.1 Hz, 1H, imidazole), 7.78 (dm, J = 8.1Hz, 1H, Ar), 
7.41 (t, J = 8.1 Hz, 1H, Ar), 1.89 (s, 3H, OAc). 13C NMR (126 MHz, CD3OD) δ 179.84, 
141.74, 137.56, 136.24, 134.10, 134.07, 129.38, 125.01, 117.90, 105.02, 23.97. HRMS (ESI+) 
m/z calcd for C9H7BrIN2[M-OAc]+ 348.8832, found: 348.8831 
3h Following the general procedure, a mixture of m-cyano 
(diacetoxyiodo)benzene (1.87 mmol, 648 mg) and imidazole (3.75 mmol, 
255 mg) was allowed to react in MeCN (1.9 mL). White solid, yield: 463 
mg, yield: 70%. 1H NMR (400 MHz, CD3OD) δ 8.47 (t, J = 1.5 Hz, 1H, 
Ar), 8.34 – 8.31 (m, 1H, Ar), 8.02 (d, J = 1.1 Hz, 1H, imidazole), 8.01 – 7.97 (m, 1H, Ar), 
7.82 (d, J = 1.1 Hz, 1H, imidazole), 7.69 – 7.62 (m, 1H, Ar), 1.88 (s, 3H, OAc). 13C NMR 
(101 MHz, CD3OD) δ 179.65, 142.21, 139.58, 138.58, 136.53, 133.27, 129.95, 118.25, 
117.53, 116.14, 104.60, 23.94. 
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3i Following the general procedure, a mixture of o-methyl 
(diacetoxyiodo)benzene (4 mmol, 1.344 g) and imidazole (8 mmol, 544.6 mg) 
in MeOH (4 mL). White solid, 0.786 g, yield: 57%. 1H NMR (400 MHz, 
CD3OD) δ 8.20 (dd, J = 8.0, 1.1 Hz, 1H, Ar), 8.00 (d, J = 1.2 Hz, 1H, 
imidazole), 7.79 (d, J = 1.1 Hz, 1H, imidazole), 7.59 – 7.49 (m, 2H, Ar), 7.30 – 7.23 (m, 1H, 
Ar), 2.73 (s, 3H, Me), 1.88 (s, 3H, OAc). 13C NMR (75 MHz, CD3OD) δ 180.00, 142.09, 
141.42, 137.98, 134.15, 132.64, 130.36, 128.73, 122.41, 103.96, 25.53, 24.04. HRMS (ESI+) 
m/z calcd for C10H10IN2 [M-OAc]+ 284.9883, found: 284.9886. 
3j Following the general procedure, a mixture of o-bromo 
(diacetoxyiodo)benzene (5 mmol, 1.985 g) and imidazole (10 mmol, 680.8 mg) 
in MeOH (5 mL). White solid, 1.447 g, yield: 71%. 1H NMR (500 MHz, 
CD3OD) δ 8.25 (dd, J = 8.0, 1.5 Hz, 1H, Ar), 8.06 (s br, 1H, imidazole), 7.89 
(dd, J = 8.0, 1.5 Hz, 1H, Ar), 7.81 (s br, 1H, imidazole) 7.55 (virt td, J = 7.7, 1.5 Hz, 1H, Ar), 
7.45 7.55 (virt td, J = 7.7, 1.5 Hz, 1H, Ar), 1.88 (s, 3H, OAc). 13C NMR (126 MHz, CD3OD) 
δ 179.87, 141.61, 139.30, 135.33, 134.87, 131.48, 129.42, 127.78, 123.32, 105.20, 23.96. 
HRMS (ESI+) m/z calcd for C9H7BrIN2 [M-OAc]+ 348.8832, found: 348.8838. 
3k Following a modification of the general procedure, a mixture of (1,3,5-
trimethyl)(2-diacetoxyiodo)benzene (4 mmol, 1.46 g) and imidazole (8 mmol, 
545 mg) was allowed to react in MeOH (4 mL). After removal of MeOH, 
MeCN (~ 2mL) was added to  get clear solution and then Et2O was added 
dropwise until the precipitate appeared. An additional portion (4 mL) of Et2O was added, 
and the mixture was stirred for 1-2 hours before filtration. White solid, 700 mg, yield: 47 %. 
1H NMR (500 MHz, CD3OD) δ 7.96 (d, J = 1.2 Hz, 1H, imidazole), 7.77 (d, J = 1.2 Hz, 1H, 
imidazole), 7.24 – 7.12 (m, 2H, Ar), 2.74 (s, 6H, Me), 2.32 (s, 3H, Me), 1.89 (s, 3H, OAc). 
13C NMR (126 MHz, CD3OD) δ 179.86, 145.17, 142.99, 141.09, 130.82, 128.20, 124.07, 
103.23, 26.99, 23.95, 20.96. HRMS (ESI+) m/z calcd C12H14IN2 [M-OAc]+ 313.0196, found: 
313.0194. 
3l Following the general procedure, a mixture of 2-(diacetoxyiodo)thiophene 
(4 mmol, 1.312 g) and imidazole (8 mmol, 544.6 mg) was allowed to react in 
MeCN (4 mL). The solvent was removed and the mixture treated as described 
in the general procedure. White solid, 1.072 g, yield: 80%. 1H NMR (400 MHz, 
CD3OD) δ 8.01 (d, J = 1.1 Hz, 1H, imidazole), 7.87 (dd, J = 3.8, 1.3 Hz, 1H, thiophene), 
7.82 (dd, J = 5.4, 1.3 Hz, 1H, thiophene), 7.80 (d, J = 1.2 Hz, 1H, imidazole), 7.12 (dd, J = 
5.4, 3.8 Hz, 1H, thiophene), 1.89 (s, 3H, OAc). 13C NMR (126 MHz, CD3OD) δ 179.88, 
141.14, 140.77, 137.32, 130.31, 128.57, 107.66, 101.59, 23.94. HRMS (ESI+) m/z calcd for 
C7H6IN2S [M-OAc]+ 276.9291, found: 276.9295. 
UNIVERSITAT ROVIRA I VIRGILI 
HYPERVALENT IODINE AS DIRECTING TOOL IN IODINE-RETENTIVE TRANSFORMATION OF C-H BONDS 
Yichen Wu 
 
 139 
 
3m Following the general procedure, a mixture of 3-(diacetoxyiodo) thiophene 
(4 mmol, 1.313 g) and imidazole (8 mmol, 545 mg) in MeOH (4 mL). White 
solid, yield: 970 mg, 72%. 1H NMR (500 MHz, CD3OD) δ 8.32 (dd, J = 3.0, 
1.2 Hz, 1H, thiophene), 8.00 (d, J = 1.0 Hz, 1H, imidazole), 7.81 (d, J = 1.0 Hz, 1H, 
imidazole), 7.64 (dd, J = 5.2, 3.0 Hz, 1H, thiophene), 7.52 (dd, J = 5.2, 1.2 Hz, 1H, thiophene), 
1.88 (s, 3H, OAc). 13C NMR (126 MHz, CD3OD) δ 180.01, 141.23, 135.55, 131.91, 130.94, 
128.69, 105.64, 101.58, 24.13. HRMS (ESI+) m/z calcd for C7H6IN2S [M-OAc]+ 276.9291, 
found: 276.9295.  
3n Following the general procedure, a mixture of p-phenyl 
(diacetoxyiodo)benzene (3.86 mmol, 93.4%, 1.646 g) and imidazole (7.7 
mmol, 526 mg) was allowed to react in MeOH (3.9 mL). White solid, yield: 
1.236 g, 79%. 1H NMR (500 MHz, CD3OD) δ 8.14 – 8.10 (m, 2H, Ph), 8.06 
(s, 1H, imidazole), 7.87 – 7.83 (m, 1H, imidazole), 7.74 – 7.69 (m, 2H, Ph), 7.63 – 7.56 (m, 
2H, Ph), 7.48 – 7.43 (m, 2H, Ph), 7.42 – 7.36 (m, 1H, Ph), 1.89 (s, 3H, OAc). 13C NMR (126 
MHz, CD3OD) δ 179.89, 146.40, 141.66, 140.02, 135.99, 131.18, 130.18, 129.75, 129.13, 
128.23, 115.68, 104.48, 24.03. HRMS (ESI+) m/z calcd for C15H12IN2 [M-OAc]+ 347.0040, 
found: 347.0029. 
3o Following the general procedure, a mixture of 1-(diacetoxyiodo) 
naphthalene (4 mmol, 1.489 g) and imidazole (8 mmol, 544.6 mg) was 
allowed to react in MeOH (4 mL). White solid, 1.155 g, yield: 76%. 1H NMR 
(400 MHz, CD3OD) δ 8.56 (dd, J = 7.5, 1.1 Hz, 1H, naphthalene), 8.29 (dd, 
J = 8.5, 0.9 Hz, 1H, naphthalene), 8.19 (d, J = 8.3 Hz, 1H, naphthalene), 8.04 (d, J = 1.1 Hz, 
1H, imidazole), 8.00 – 7.94 (m, 1H, naphthalene), 7.80 (ddd, J = 8.4, 7.0, 1.3 Hz, 1H, 
naphthalene), 7.74 (d, J = 1.2 Hz, 1H, imidazole), 7.68 (ddd, J = 8.1, 7.0, 1.1 Hz, 1H, 
naphthalene), 7.54 (dd, J = 8.2, 7.4 Hz, 1H, naphthalene), 1.87 (s, 3H, OAc). 13C NMR (75 
MHz, CD3OD) δ 179.8, 141.2, 138.2, 136.2, 134.9, 132.5, 130.8, 130.6, 129.7, 129.1, 128.8, 
128.3, 120.2, 104.3, 24.0. HRMS (ESI+) m/z calcd for C13H10IN2 [M-OAc]+ 320.9883, found: 
320.9879. 
3p Following the general procedure, a mixture of (diacetoxyiodo)benzene (5 
mmol, 1.611 g) and 4-methylimidazole (10 mmol, 821 mg) was allowed to 
react in MeOH (5 mL). White solid, yield: 1.095 g, 64%. 1H NMR (500 MHz, 
CD3OD) δ 8.03 (m, J = 8.5Hz, 2H, Ph), 7.78 (s, 1H, imidazole), 7.67 – 7.61 (m, 1H, Ph), 
7.53 – 7.47 (m, 2H, Ph), 2.50 (s, 3H, Me), 1.88 (s, 3H, OAc). 13C NMR (126 MHz, CD3OD) 
δ 179.94, 140.69, 138.34, 135.32, 133.15, 132.91, 117.25, 104.50, 24.06, 10.81. HRMS 
(ESI+) m/z calcd for C10H10IN2 [M-OAc]+ 284.9883, found: 284.9880. 
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3q Following the general procedure, a mixture of (diacetoxyiodo)benzene (10 
mmol, 3.22 g) and 2-methylimidazole (20 mmol, 1.642 g) was allowed to 
react in MeCN (10 mL). The solvent was removed and the mixture treated as 
described in the general procedure. White solid, yield: 2.042 g, 59%. 1H NMR 
(400 MHz, MeOD) δ 8.13 – 7.98 (m, 2H, Ph), 7.92 (s, 1H, imidazole), 7.69 – 7.61 (m, 1H, 
Ph), 7.55 – 7.46 (m, 2H, Ph), 2.42 (s, 3H, Me), 1.89 (s, 3H, OAc). 13C NMR (75 MHz, MeOD) 
δ 180.10, 151.45, 135.45, 133.21, 132.88, 128.99, 117.37, 102.92, 24.14, 13.71. HRMS 
(ESI+) m/z calcd for C10H10IN2 [M-OAc]+ 284.9883, found: 284.9886. 
3r Following the general procedure, a mixture of (diacetoxyiodo)benzene (5 
mmol, 1.61 g) and 4-iodoimidazole (6 mmol, 1.16 mg) was allowed to react in 
MeOH (5 mL). White solid, 1.67 g, yield: 73 %. 1H NMR (500 MHz, CD3OD) 
δ 8.07 – 7.84 (m, 2H, Ph), 7.65 – 7.60 (m, 2H, Ph and imidazole), 7.49 (dd, J = 8.4, 7.3 Hz, 
2H, Ph), 1.95 (s, 3H, OAc). 13C NMR (126 MHz, CD3OD) δ 175.84, 148.13, 133.49, 131.67, 
131.49, 116.55, 110.54, 89.78, 20.78. HRMS (ESI+) m/z calcd for C9H7I2N2 [M-OAc]+ 
396.8693, found: 396.8694. 
4.5.2 Synthesis of the Zwitterionic 5. 
5. In a one-neck round-bottom flask the acetate salt 3a (5 mmol, 1.61 g) was 
dissolved in water (8 mL). K2CO3 (7.5 mmol, 1.035 g) was added, and after 45 
min of stirring the resulting precipitate was filtered, washed with water and 
dried in the open air. White solid, 1.188 g, yield: 88%. 1H NMR (500 MHz, 
CD3OD) δ 7.85-7.83 (m, 2H, Ph), 7.59 (d, J = 0.8 Hz, 1H, imidazole), 7.56 – 7.52 (m, 1H, 
Ph), 7.46 (d, J = 0.8 Hz, 1H, imidazole), 7.44-7.41 (m, 2H, Ph). 13C NMR (126 MHz, CD3OD) 
δ 150.28, 138.89, 134.01, 132.59, 132.44, 117.63, 96.12. 
4.5.3 Formal 5, 1-Iodoarylation of Imidazole 
 
General procedure (described for a 0.5 mmol scale). A 15 mL reaction tube was charged 
with Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), Cs2CO3 (0.75 mmol, 244 mg) and 1-
methylbenzimidazole (or another additive as indicated, 0.1 mmol, 20 mol%). The 
hexafluoroisopropanol (2.6 mL) was added and the mixture allowed to stir for 20 min, before 
the solid diaryliodonium salt (0.5 mmol) was added. The tube was capped and the mixture 
was heated to 50 oC for 15-16 h. Upon cooling to room temperature, an aliquot was analyzed 
by GC to determine the 4:7 ratio. The solvent was removed and the product isolated by 
column chromatography on silica gel eluting with a cyclohexane:EtOAc mixture as indicated. 
HN N
I
AcO
Me
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In most cases, good separation could be achieved between 4 and 7. 
4a Following the general procedure, 4-imidazolylphenyliodonium acetate (0.5 
mmol, 165 mg) was added to a premixed HFIP solution (2.6 mL) of Cu(OTf)2 
(0.025 mmol, 9.0 mg), Cs2CO3 (0.75 mmol, 244 mg) and N-
methylbenzimidazole (0.1 mmol, 13.2 mg). Column chromatography: silica gel, 
gradient elution: 10:1 to 2:1 of cyclohexane/EtOAc; Rf = 0.20 in 2:1 of cyclohexane/EtOAc. 
Solid. Yield: 74% (100 mg). 1H NMR (500 MHz, CDCl3, referenced to SiMe4 at 0.0 ppm) δ 
7.75 (d, J = 1.0 Hz, 1H, imidazole), 7.53 – 7.46 (m, 3H, Ph), 7.34 – 7.30 (m, 2H, Ph), 7.23 
(d, J = 1.1 Hz, 1H, imidazole). 13C NMR (126 MHz, CDCl3) δ 139.93, 137.73, 136.66, 
129.33, 129.12, 126.65, 71.26 (C-I). HRMS (ESI+) m/z calcd for C9H8IN2 [M+H]+ 270.9727, 
found: 270.9727 (m/z values coincide in this case). 
4b Following the general procedure, (4-imidazolyl)-(4-methylphenyl) 
iodonium acetate (0.5 mmol, 172 mg) was added to a premixed HFIP solution 
(2.6 mL) of Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), Cs2CO3 (0.75 mmol, 
244 mg) and N-methylbenzimidazole (0.1 mmol, 13.2 mg). Column 
chromatography: silica gel, gradient elution 10:1 to 2:1 of Cyclohexane/EtOAc; Rf = 0.36 in 
2:1 of Cyclohexane/EtOAc. Oil, yield: 75% (106 mg). 1H NMR (500 MHz, CDCl3, 
referenced to SiMe4 at 0.0 ppm) δ 7.74 (d, J = 1.0 Hz, 1H, imidazole), 7.32 – 7.29 (m, 2H, 
Ar), 7.23 – 7.18 (m, 3H, Ar and imidazole), 2.44 (s, 3H, Me). 13C NMR (126 MHz, CDCl3) 
δ 140.10, 139.44, 137.64, 134.29, 130.03, 126.60, 71.61, 21.31. HRMS (ESI+) m/z calcd for 
C10H10IN2 [M+H]+ 284.9883, found: 284.9878. 
4c Following the general procedure, (4-imidazolyl)-(4-methoxyphenyl) 
iodonium acetate (0.5 mmol, 180 mg) was added to a premixed HFIP 
solution (2.6 mL) of Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), Cs2CO3 
(0.75 mmol, 244 mg) and N-methylbenzimidazole (0.1 mmol, 13.2 mg). 
Column chromatography: silica gel, gradient elution 10:1 to 1:1 of 
Cyclohexane/EtOAc; Rf = 0.13 in 2:1 of Cyclohexane/EtOAc). Oil, yield: 72% (108 mg). 1H 
NMR (500 MHz, CDCl3, referenced to SiMe4 at 0.0 ppm) δ 7.72 (s, 1H, imidazole), 7.26 – 
7.17 (m, 3H, Ar and imidazole), 7.01 – 6.98 (m, 2H, Ar), 3.86 (s, 3H, MeO). 13C NMR (126 
MHz, CDCl3) δ 160.00, 140.09, 137.32, 129.55, 128.00, 114.41, 72.28, 55.58. HRMS (ESI+) 
m/z calcd for C10H10IN2O [M+H]+ 300.9832, found: 300.9827. 
4d Following the general procedure, (4-imidazolyl)-(4-chlorophenyl) 
iodonium acetate (0.5 mmol, 182 mg) was added to a premixed HFIP solution 
(2.6 mL) of Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), Cs2CO3 (0.75 mmol, 
244 mg) and N-methylbenzimidazole (0.1 mmol, 13.2 mg). Column 
chromatography: silica gel, gradient elution 10:1 to 2:1 of Cyclohexane/EtOAc; Rf = 0.28 in 
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2:1 of Cyclohexane/EtOAc). Oil, yield: 60% (91 mg). 1H NMR (500 MHz, CDCl3, 
referenced to SiMe4 at 0.0 ppm) δ 7.75 (s, 1H, imidazole), 7.52 – 7.46 (m, 2H, Ar), 7.32 – 
7.27 (m, 2H, Ar), 7.24 (s, 1H, imidazole).13C NMR (126 MHz, CDCl3) δ 139.92, 138.06, 
135.30, 135.20, 129.67, 128.01, 71.24. HRMS (ESI+) m/z calcd for C9H7ClIN2 [M+H]+ 
304.9337, found: 304.9339. 
4e Following the general procedure, (4-imidazolyl)-(4-trifluoromethoxy 
phenyl)iodonium acetate (0.5 mmol, 207 mg) was added to a premixed 
HFIP solution (2.6 mL) of Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), 
Cs2CO3 (0.75 mmol, 244 mg) and benzimidazole (0.1 mmol, 11.8 mg). The 
product was purified by column chromatography on silica gel, gradient elution 10:1 to 2:1 
of Cyclohexane/EtOAc; Rf = 0.23 in 2:1 of Cyclohexane/EtOAc. Oil, yield: 47% (83 mg).  
1H NMR (500 MHz, CDCl3) δ 7.75 (d, J = 1.1 Hz, 1H, imidazole), 7.39 – 7.35 (m, 4H, Ar), 
7.25 (t, J = 1.3 Hz, 1H, imidazole). 13C NMR (126 MHz, CDCl3) δ 149.58 (d, J = 2.52 Hz), 
140.07, 138.22, 135.17, 128.41, 121.86, 120.46 (q, J = 258.3 Hz), 71.24 (C-I). 19F NMR (376 
MHz, CDCl3) δ -58.00. 
4f Following the general procedure, (4-imidazolyl)-(3-methoxyphenyl) 
iodonium acetate (0.5 mmol, 97%, 186 mg) was added to a premixed HFIP 
solution (2.6 mL) of Cu(OTf)2 (0.025 mmol, 9.0 mg), Cs2CO3 (0.75 mmol, 
244 mg) and N-methylbenzimidazole (0.1 mmol, 13.2 mg). The product 
was purified by column chromatography on silica gel, gradient elution 10:1 to 1:1 of 
Cyclohexane/EtOAc; Rf = 0.15 in 2:1 of Cyclohexane/EtOAc. Oil, yield: 77% (115 mg). 1H 
NMR (500 MHz, CDCl3) δ 7.71 (d, J = 1.0 Hz, 1H, imidazole), 7.35 (t, J = 8.1 Hz, 1H, Ar), 
7.18 (d, J = 1.0 Hz, 1H, imidazole), 6.97 (ddd, J = 8.4, 2.5, 0.9 Hz, 1H, Ar), 6.86 (ddd, J = 
7.8, 2.0, 0.9 Hz, 1H, Ar), 6.81 (t, J = 2.2 Hz, 1H, Ar), 3.80 (s, 3H, MeO). 13C NMR (126 
MHz, CDCl3) δ 160.06, 139.92, 137.73, 137.62, 130.05, 118.72, 114.75, 112.49, 71.06, 
55.54. HRMS (ESI+) m/z calcd for C10H10IN2O [M+H]+ 300.9832, found: 300.9836 
4g Following the general procedure, (4-imidazolyl)-(3-bromophenyl) 
iodonium acetate (0.5 mmol, 205 mg) was added to a premixed HFIP 
solution (2.6 mL) of Cu(OTf)2 (0.025 mmol, 9.0 mg), Cs2CO3 (0.75 mmol, 
244 mg) and 4-methylimidazole (0.1 mmol, 13.2 mg). The product was 
purified by column chromatography on silica gel, gradient elution 10:1 to 2:1 of 
Cyclohexane/EtOAc; Rf = 0.42 in 2:1 in Cyclohexane/EtOAc. Oil, yield: 62% (108 mg).  1H 
NMR (500 MHz, CDCl3, referenced to SiMe4 at 0.0 ppm) δ 7.77 – 7.73 (m, 1H, imidazole), 
7.64 (ddd, J = 8.1, 1.9, 1.0 Hz, 1H, Ar), 7.52 (t, J = 2.0 Hz, 1H, Ar), 7.39 (t, J = 8.0 Hz, 1H, 
Ar), 7.31 – 7.28 (m, 1H, Ar), 7.24 (d, J = 1.0 Hz, 1H, imidazole). 13C NMR (126 MHz, 
CDCl3) δ 139.90, 138.12, 137.78, 132.34, 130.64, 129.79, 125.45, 122.76, 70.98. HRMS 
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(ESI+) m/z calcd for C9H7BrIN2 [M+H]+ 348.8832, found: 348.8833.  
4i Following the general procedure, (4-imidazolyl)-(2-methylphenyl)iodonium 
acetate (0.5 mmol, 172 mg) was added to a premixed HFIP solution (2.6 mL) of 
Cu(OTf)2 (0.025 mmol, 9.0 mg), Cs2CO3 (0.75 mmol, 244 mg) and N-
methylbenzimidazole (0.1 mmol, 13.2 mg). The product was purified by column 
chromatography on silica gel, gradient elution 10:1 to 2:1 of Cyclohexane/EtOAc; Rf = 0.23 
in 2:1 of Cyclohexane/EtOAc). Oil, yield: 85% (121 mg). 1H NMR (500 MHz, CDCl3, 
referenced to SiMe4 at 0.0 ppm) δ 7.66 (d, J = 0.9 Hz, 1H, imidazole), 7.42 (td, J = 7.5, 1.4 
Hz, 1H, Ar), 7.38 – 7.34 (m, 1H, Ar), 7.32 (td, J = 7.6, 1.6 Hz, 1H, Ar), 7.26 (d, J = 1.0 Hz, 
1H, imidazole), 7.16 (dd, J = 7.7, 1.3 Hz, 1H, Ar), 2.04 (s, 3H). 13C NMR (126 MHz, CDCl3) 
δ 139.86, 137.01, 136.15, 135.93, 131.04, 129.94, 128.39, 126.80, 72.41, 17.62. HRMS 
(ESI+) m/z calcd for C10H10IN2 [M+H]+ 284.9883, found: 284.9874 
4j Following the general procedure, (4-imidazolyl)-(2-bromophenyl)iodonium 
acetate (0.5 mmol, 205 mg) was added to a premixed HFIP solution (2.6 mL) of 
Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), Cs2CO3 (0.75 mmol, 244 mg) and 
1H-benzimidazole (0.1 mmol, 11.8 mg). The product was purified by column 
chromatography on silica gel, gradient elution 10:1 to 2:1 of Cyclohexane/EtOAc; Rf = 0.33 
in 2:1 of Cyclohexane/EtOAc. Solid, yield: 61% (107 mg). 1H NMR (500 MHz, CDCl3) δ 
7.73 (dd, J = 8.0, 1.5 Hz, 1H, Ar), 7.68 (d, J = 1.0 Hz, 1H, imidazole), 7.45 (td, J = 7.6, 1.5 
Hz, 1H, Ar), 7.39 (td, J = 7.8, 1.7 Hz, 1H, Ar), 7.30 (dd, J = 7.7, 1.7 Hz, 1H, Ar), 7.24 (d, J 
= 1.0 Hz, 1H, imidazole). 13C NMR (126 MHz, CDCl3) δ 140.07, 137.12, 136.18, 133.69, 
131.40, 130.19, 128.36, 123.04, 72.25. HRMS (ESI+) m/z calcd for C9H7BrIN2 [M+H]+ 
348.8832; found: 348.8832 (m/z values coincide in this case). 
4k Following the general procedure, (4-imidazolyl)-(1,3,5-trimethyl)-2 -
iodonium acetate (0.5 mmol, 186 mg) was added to a premixed HFIP solution 
(2.6 mL) of Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), Cs2CO3 (0.75 mmol, 
244 mg) and N-methylbenzimidazole (0.1 mmol, 13.2 mg). The product was 
purified by column chromatography on silica gel, gradient elution 10:1 to 2:1 of 
Cyclohexane/EtOAc; Rf = 0.51 in 2:1 of Cyclohexane/EtOAc. Solid, yield: 51% (79 mg). 1H 
NMR (500 MHz, CDCl3) δ 7.57 (d, J = 1.0 Hz, 1H, imidazole), 7.28 (d, J = 1.0 Hz, 1H, 
imidazole), 6.99 – 6.94 (m, 2H, Ar), 2.34 (s, 3H, Me), 1.91 (s, 6H, Me). 13C NMR (126 MHz, 
CDCl3) δ 139.68, 139.52, 137.25, 136.29, 132.62, 129.10, 72.04, 21.24, 17.73. HRMS (ESI+) 
m/z calcd for C12H14N2I [M+H]+ 313.0196, found 313.0192. 
4l Following the general procedure, (4-imidazolyl)-(2-thiophenyl)iodonium 
acetate (0.5 mmol, 168 mg) was added to a premixed HFIP solution (2.6 mL) of 
Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), Cs2CO3 (0.75 mmol, 244 mg) and 4-
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methylimidazole (0.1 mmol, 8.2 mg). The product was purified by column chromatography 
on silica gel, gradient elution 10:1 to 2:1 of Cyclohexane/EtOAc; Rf = 0.31 in 2:1 of 
Cyclohexane/EtOAc. Solid, yield: 78% (107 mg). 1H NMR (500 MHz, CDCl3) δ 7.79 (d, J 
= 1.0 Hz, 1H, imidazole), 7.34 (dd, J = 5.0, 2.0 Hz, 1H, thiophene), 7.21 (d, J = 1.0 Hz, 1H, 
imidazole), 7.08 – 7.01 (m, 2H, thiophene). 13C NMR (126 MHz, CDCl3) δ 141.37, 137.71, 
136.97, 126.03, 125.93, 125.55, 74.40. HRMS (ESI+) m/z calcd for C7H6IN2S [M+H]+ 
276.9291, found: 276.9297. 
4m Following the general procedure, (4-imidazolyl)-(3-thiophene)iodonium 
acetate (0.5 mmol, 168 mg) was added to a premixed HFIP solution (2.6 mL) of 
Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), Cs2CO3 (0.75 mmol, 244 mg) and N-
methylbenzimidazole (0.1 mmol, 13.2 mg). The product was purified by column 
chromatography on silica gel, gradient elution 10:1 to 2:1 of Cyclohexane/EtOAc; Rf = 0.25 
in 2:1 of Cyclohexane/EtOAc. Oil, yield: 79% (109 mg). 1H NMR (300 MHz, CDCl3) δ 7.74 
(d, J = 1.0 Hz, 1H, imidazole), 7.42 (dd, J = 5.1, 3.2 Hz, 1H, thiophene), 7.34 (dd, J = 3.2, 
1.4 Hz, 1H, thiophene), 7.19 (d, J = 1.0 Hz, 1H, imidazole), 7.11 (dd, J = 5.2, 1.4 Hz, 1H, 
thiophene). 13C NMR (126 MHz, CDCl3) δ 140.17, 137.59, 134.77, 126.36, 125.27, 120.84, 
71.51. HRMS (ESI+) m/z calcd for C7H6IN2S [M+H]+ 276.9291, found: 276.9292. 
4n Following the general procedure, (4-imidazolyl)-(4-phenylphenyl) 
iodonium acetate (0.5 mmol, 203 mg) was added to a premixed HFIP solution 
(2.6 mL) of Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), Cs2CO3 (0.75 mmol, 
244 mg) and N-methylbenzimidazole (0.1 mmol, 13.2 mg). The product was 
purified by column chromatography on silica gel, gradient elution 10:1 to 2:1 of 
Cyclohexane/EtOAc; Rf = 0.40 in 2:1 of Cyclohexane/EtOAc. Solid, yield: 70% (121 mg). 
1H NMR (500 MHz, CDCl3, referenced to SiMe4 at 0.0 ppm) δ7.76 (s, 1H, imidazole), 7.70 
– 7.64 (m, 2H, Ar), 7.63 – 7.57 (m, 2H, Ar), 7.50 – 7.43 (m, 2H, Ar), 7.41 – 7.33 (m, 3H, Ar), 
7.25 (s, 1H, imidazole). 13C NMR (126 MHz, CDCl3) δ 142.03, 139.96, 139.53, 137.83, 
135.67, 128.95, 127.98, 127.91, 127.11, 126.88, 71.30. HRMS (ESI+) m/z calcd for 
C15H12IN2 [M+H]+ 347.0040; found : 347.0047. 
4o Following the general procedure, (4-imidazolyl)-(2-naphthaline) 
iodonium acetate (0.5 mmol, 190 mg) was added to a premixed HFIP solution 
(2.6 mL) of Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), Cs2CO3 (0.75 mmol, 
244 mg) and N-methylbenzimidazole (0.1 mmol, 13.2 mg). The product was 
purified by column chromatography on silica gel, gradient elution 10:1 to 2:1 of 
Cyclohexane/EtOAc; Rf = 0.28 in 2:1 of Cyclohexane/EtOAc. Solid, yield: 74% (119 mg). 
1H NMR (500 MHz, CDCl3) δ 8.00 (d, J = 8.3 Hz, 1H, naphthaline), 7.93 (ddd, J = 8.2, 1.4, 
0.6 Hz, 1H, naphthaline), 7.79 (d, J = 1.0 Hz, 1H, imidazole), 7.54 (ddd, J = 8.3, 7.0, 1.5 Hz, 
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2H, naphthaline), 7.49 (ddd, J = 8.3, 6.9, 1.3 Hz, 1H, naphthaline), 7.39 (dd, J = 7.2, 1.2 Hz, 
1H, naphthaline), 7.32 (d, J = 1.0 Hz, 1H, imidazole), 7.19 (dq, J = 8.3, 1.0 Hz, 1H, 
naphthaline). 13C NMR (126 MHz, CDCl3) δ 141.05, 136.86, 134.03, 133.12, 130.49, 130.35, 
128.31, 127.85, 127.12, 126.13, 125.05, 122.48, 73.68. HRMS (ESI+) m/z calcd for 
C13H10IN2 [M+H]+ 320.9883, found: 320.9892. 
4p Following a modification of the general procedure, (3-methyl-4-imidazolyl) 
phenyliodonium acetate (0.5 mmol, 172 mg), Cu(OTf)2 (0.025 mmol, 5 mol%, 
9.0 mg), Cs2CO3 (0.75 mmol, 244 mg) were dissolved HFIP (2.6 mL). No 
additive was employed. The product was purified by column chromatography 
on silica gel, gradient elution 10:1 to 2:1 of Cyclohexane/EtOAc; Rf = 0.32 in 2:1 of 
Cyclohexane/EtOAc). Solid, yield: 87% (124 mg). 1H NMR (300 MHz, CDCl3) δ 7.74 (d, J 
= 1.6 Hz, 1H, imidazole), 7.49 – 7.47 (m, 3H, Ph), 7.36 – 7.19 (m, 2H, Ph), 2.32 (s, 3H, Me). 
13C NMR (75 MHz, CDCl3) δ 144.09, 139.48, 137.28, 129.35, 128.97, 126.69, 71.08, 14.74. 
HRMS (ESI+) m/z calcd for C10H10IN2 [M+H]+ 284.9883, found: 284.9881. 
4q Following the general procedure, (2-methyl-4-imidazolyl)-phenyliodonium 
acetate (0.5 mmol, 172 mg) was added to a premixed HFIP solution (2.6 mL) 
of Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), Cs2CO3 (0.75 mmol, 244 mg) and 
N-methylbenzimidazole (0.1 mmol, 13.2 mg). The product was purified by 
column chromatography on silica gel, gradient elution 10:1 to 2:1 of Cyclohexane/EtOAc; 
Rf = 0.15 in 2:1 of Cyclohexane/EtOAc. Solid, yield: 31% (45 mg). 1H NMR (400 MHz, 
CDCl3) δ 7.52 – 7.49 (m, 3H, Ph), 7.22 – 7.18 (m, 2H, Ph), 7.10 (s, 1H, imidazole), 2.30 (s, 
3H, Me). 13C NMR (126 MHz, CDCl3) δ 148.15, 137.31, 135.26, 129.53, 129.46, 128.17, 
70.65, 14.88. HRMS (ESI+) m/z calcd for C10H10IN2 [M+H]+ 284.9883, found 284.9883 (m/z 
values coincide in this case). 
4r Following the general procedure, (5-iodo-4-imidazolyl)-phenyliodonium 
acetate (0.5 mmol, 228 mg) was added to a premixed HFIP solution (2.6 mL) of 
Cu(OTf)2 (0.025 mmol, 5 mol%, 9.0 mg), Cs2CO3 (0.75 mmol, 244 mg) and N-
methylbenzimidazole (0.1 mmol, 13.2 mg). The product was purified by column 
chromatography on silica gel, gradient elution 10:1 to 2:1 of Cyclohexane/EtOAc; Rf = 0.55 
in 2:1 of Cyclohexane/EtOAc. Solid, yield: 82% (162 mg). 1H NMR (500 MHz, CDCl3) δ 
7.72 (s, 1H, imidazole), 7.54 – 7.47 (m, 3H, Ph), 7.29 (m, 2H, Ph). 13C NMR (126 MHz, 
CDCl3) δ 141.32, 137.27, 129.71, 129.58, 126.65, 97.39, 84.00. HRMS (ESI+) m/z calcd 
C9H7I2N2 [M+H]+ 396.8693, found 396.8690. 
4.5.4 Spectral Data for 4-Iodo-1-aryl-1H-imidazole Species. 
The regioselective isomer N-aryl-4-iodoimidazole was also obtained as the minor product 
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under the same reaction condition. The main product and isomer could be completely 
separated by column chromatography on silica gel.  
6a Rf = 0.41 in 2:1 of Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3) δ 7.72 
(s, 1H, imidazole), 7.48 (t, J = 7.8 Hz, 2H, Ph), 7.39 (t, J = 7.8 Hz, 1H, Ph), 7.35 
(m, 3H, Ph and imidazole). 13C NMR (126 MHz, CDCl3) δ 137.12, 136.57, 
130.13, 128.24, 123.98, 121.61, 83.37. 
6b Rf = 0.49 in 2:1 of Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3, TMS 
as internal reference) δ 7.61 (d, J = 1.5 Hz, 1H, imidazole), 7.25 (d, J = 1.5 Hz, 
1H, imidazole), 7.22 – 7.18 (m, 2H, Ar), 7.16 (m, 2H, Ar), 2.33 (s, 3H, Me). 
13C NMR (126 MHz, CDCl3) δ 138.34, 137.20, 134.24, 130.60, 124.11, 121.58, 
83.09, 21.13. 
6c Rf = 0.37 in 2:1 of Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3, 
TMS as internal reference) δ 7.64 (d, J = 1.4 Hz, 1H, imidazole), 7.31 – 
7.24 (m, 3H, Ar and imidazole), 3.85 (s, 3H, MeO). 13C NMR (126 MHz, 
CDCl3) δ 159.54, 137.49, 129.90, 124.53, 123.45, 115.15, 82.85, 55.78. 
6d Rf = 0.44 in 2:1 of Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3) δ 
7.70 (d, J = 1.4 Hz, 1H, imidazole), 7.50 – 7.44 (m, 2H, Ar), 7.33 (d, J = 1.5 
Hz, 1H, imidazole), 7.32 – 7.28 (m, 2H, Ar). 13C NMR (126 MHz, CDCl3) δ 
137.08, 135.09, 134.12, 130.34, 123.95, 122.91, 83.75. 
6e Rf = 0.48 in 2:1 of Cyclohexane/EtOAc. 1H NMR (400 MHz, CDCl3) δ 
7.71 (d, J = 1.5 Hz, 1H, imidazole), 7.43 – 7.31 (m, 5H, Ar and imidazole). 
13C NMR (126 MHz, CDCl3) δ 148.70, 137.18, 135.05, 124.06, 123.19, 
122.77, 120.49 (d, J = 258.2 Hz), 83.89. 19F NMR (376 MHz, CDCl3) δ -
58.15. 
6f Rf = 0.32 in 2:1 of Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3) 
δ7.77 – 7.70 (m, 1H, imidazole), 7.38 (t, J = 8.2 Hz, 1H, Ar), 7.35 (d, J = 
1.4 Hz, 1H, imidazole), 6.94 – 6.91 (m, 2H, Ar), 6.87 (t, J = 2.3 Hz, 1H, 
Ar), 3.85 (s, 3H, MeO). 13C NMR (126 MHz, CDCl3) δ 160.89, 137.65, 
137.18, 130.98, 124.04, 113.74, 113.50, 107.83, 83.31, 55.73. 
6g Rf = 0.55 in 2:1 of Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3) δ 
7.72 (d, J = 1.5 Hz, 1H, imidazole), 7.58 – 7.50 (m, 2H, Ar), 7.39 – 7.34 (m, 
2H, Ar and imidazole), 7.30 (m, 1H, Ar). 13C NMR (126 MHz, CDCl3) δ 
137.59, 137.00, 131.45, 131.35, 124.77, 123.81, 123.68, 120.14, 83.87. 
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6i Rf = 0.43 in 2:1 of Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3) δ 7.47 
(d, J = 1.4 Hz, 1H, imidazole), 7.39 – 7.32 (m, 2H, Ar), 7.31 – 7.27 (m, 1H, Ar), 
7.31 – 7.27 (m, 1H, Ar), 7.13 (d, J = 1.4 Hz, 1H, imidazole), 2.19 (s, 3H, Me). 
13C NMR (126 MHz, CDCl3) δ 139.17, 135.91, 133.95, 131.56, 129.45, 127.17, 
126.59, 126.01, 82.32, 17.74. 
6j Rf = 0.52 in 2:1, Cyclohexane/EtOAc. 1H NMR (400 MHz, CDCl3) δ 7.74 
(dd, J = 8.0, 1.5 Hz, 1H, Ar), 7.56 (d, J = 1.4 Hz, 1H, imidazole), 7.44 (td, J = 
7.6, 1.4 Hz, 1H, Ar), 7.39 – 7.29 (m, 2H, Ar), 7.21 (d, J = 1.4 Hz, 1H). 13C NMR 
(126 MHz, CDCl3) δ 139.19, 135.98, 134.24, 130.75, 128.71, 128.13, 125.98, 
119.97, 82.39. 
6k Rf = 0.72 in 2:1, Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3) δ 7.33 
(d, J = 1.4 Hz, 1H, imidazole), 6.97 (d, J = 1.4 Hz, 1H, imidazole), 6.97 – 
6.95 (m, 2H, Ar), 2.34 (s, 3H, Me), 2.00 (s, 6H, Me). 13C NMR (126 MHz, 
CDCl3) δ 139.35, 139.15, 135.24, 132.56, 129.13, 125.45, 82.06, 21.03, 
17.37. 
6l+isomer. Rf = 0.41 in 2:1 of Cyclohexane/EtOAc. Two isomers (1:0.63) 
1H NMR (500 MHz, CDCl3) δ7.64 (d, J = 1.4 Hz, 1H, imidazole), 7.34 (dd, 
J = 5.5, 1.5 Hz, 0.63H, thiophene), 7.28 (d, J = 1.4 Hz, 1H, imidazole), 7.24 
(d, J = 1.4 Hz, 0.63H, imidazole), 7.18 (dd, J = 1.7, 0.8 Hz, 1H, thiophene), 
7.17 (d, J = 1.8 Hz, 0.63H, imidazole), 7.08 (dd, J = 3.7, 1.5 Hz, 0.63H, thiophene), 7.05 (dd, 
J = 5.5, 3.7 Hz, 0.63H, thiophene), 7.02 – 6.98 (m, 2H, thiophene).13C NMR (126 MHz, 
CDCl3) δ 138.56, 133.08, 126.51, 126.36, 126.12, 126.07, 125.85, 125.56, 122.66, 119.92, 
83.25. 
6m Rf = 0.32 in 2:1 of Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3) δ 7.69 
(d, J = 1.5 Hz, 1H, imidazole), 7.44 (dd, J = 5.2, 3.2 Hz, 1H, thiophene), 7.31 
(d, J = 1.4 Hz, 1H, imidazole), 7.22 (dd, J = 3.2, 1.5 Hz, 1H, thiophene), 7.13 
(dd, J = 5.2, 1.5 Hz, 1H, thiophene). 13C NMR (126 MHz, CDCl3) δ 137.37, 
135.28, 127.66, 124.29, 121.44, 114.27, 83.00. 
6n Rf = 0.60 in 2:1 of Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3) δ 
7.77 (d, J = 1.5 Hz, 1H, imidazole), 7.70 (d, J = 8.6 Hz, 2H, Ar), 7.64 – 7.56 
(m, 2H, Ar), 7.50 – 7.44 (m, 2H, Ar), 7.44 – 7.37 (m, 4H, Ar and imidazole). 
13C NMR (126 MHz, CDCl3) δ 141.36, 139.67, 137.13, 135.66, 129.14, 
128.75, 128.09, 127.18, 123.97, 121.90, 83.47. 
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6o Rf = 0.39 in 2:1 of Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3) δ 
8.02 – 7.92 (m, 2H, naphthalene), 7.65 (d, J = 1.3 Hz, 1H, imidazole), 7.61 – 
7.51 (m, 4H, naphthalene), 7.43 (dd, J = 7.3, 1.1 Hz, 1H, naphthalene), 7.33 
(d, J = 1.3 Hz, 1H, imidazole). 13C NMR (126 MHz, CDCl3) δ 139.97, 134.28, 
133.19, 129.92, 129.29, 128.52, 128.03, 127.28, 127.11, 125.25, 123.84, 122.08, 82.47. 
6p Rf = 0.47 in 2:1 of Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3) δ 7.56 
(s, 1H, imidazole), 7.53 – 7.44 (m, 3H, Ph), 7.28 – 7.24 (m, 2H, Ph), 2.17 (s, 
3H, Me). 13C NMR (126 MHz, CDCl3) δ 138.10, 136.36, 130.78, 129.68, 128.89, 
125.58, 84.52, 11.05.  
6q Rf = 0.36 in 2:1, Cyclohexane/EtOAc. 1H NMR (500 MHz, CDCl3, TMS as 
reference) δ 7.53 – 7.42 (m, 3H, Ph), 7.30 – 7.22 (m, 2H, Ph), 7.09 (d, J = 0.5 
Hz, 1H, imidazole), 2.35 (s, 3H, Me). 13C NMR (126 MHz, CDCl3) δ 147.00, 
137.09, 129.78, 128.88, 126.13, 125.63, 80.78, 13.78. 
4.5.5 Derivatization of 5-Iodo-1-aryl-1H-imidazoles 
 
Following the procedure described by Meng at al.41 An oven-dried Schlenk tube equipped 
with a teflon cap and a magnetic stir bar was charged with 5-iodo-1-phenyl-1H-imidazole 
(0.5 mmol, 135 mg), PdCl2 (0.05 mmol, 9 mg), CuI (0.1 mmol, 19 mg) and PPh3 (0.1 mmol, 
26.2 mg). The contents were placed under nitrogen with three vacuum/refill cycles, and then 
NEt3 (2 mL) and phenylacetylene (1.25 mmol, 128 mg, 138 µL) was added. The mixture was 
allowed to stir at 60 oC for 14 h. After cooling to room temperature, the mixture was 
evaporated to dryness. The crude was purified by column chromatography on silica gel 
(gradient elution 4:1 to 1:2 Cyclohexane/EtOAc; Rf = 0.27 in 2:1 Cyclohexane/EtOAc). 
Yellow oil, 121 mg, 99%. 1H NMR (400 MHz, CDCl3) δ 7.60 – 7.41 (m, 6H), 7.40 – 7.29 
(m, 6H). 13C NMR (101 MHz, CDCl3) δ 131.22, 129.49, 128.63, 128.47, 128.40, 124.68, 
122.38, 97.07 (br). MS (EI+) C17H12N2: m/z 244 (100%). HRMS (ESI+) m/z calcd for 
C17H13N2 [M+H]+ 245.1073, found: 245.1078. 
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Following the procedure described by Meng at al.41 An oven-dried Schlenk tube equipped 
with a teflon cap and a magnetic stir bar was charged with 5-iodo-1-(thiophen-2-yl)-1H-
imidazole (0.5 mmol, 138 mg), p-tolylboronic acid (0.75 mmol, 102 mg), K3PO4 (1.0 mmol, 
212 mg), Pd(OAc)2 (0.05 mmol, 11.2 mg) and Xantphos (0.1 mmol, 57.9 mg). The contents 
were placed under nitrogen with three vacuum/refill cycles, and then toluene (anhydrous, 2 
mL) was added. The mixture was allowed to stir at 120 oC for 16 h. After cooling to room 
temperature, the mixture was evaporated to dryness. The crude was purified by column 
chromatography on silica gel (gradient elution 4:1 to 1:2 Cyclohexane/EtOAc; Rf = 0.20 in 
2:1 Cyclohexane/EtOAc). Pale red solid, 97 mg, 81%. 1H NMR (400 MHz, CDCl3) δ 7.68 
(d, J = 1.1 Hz, 1H, imidazole), 7.22 – 7.17 (m, 2H, imidazole + thiophene), 7.16 – 7.07 (m, 
4H, Phtolyl), 6.94 (dd, J = 5.5, 3.6 Hz, 1H, thiophene), 6.90 (dd, J = 3.6, 1.3 Hz, 1H, thiophene), 
2.33 (s, 3H, Metolyl). 13C NMR (101 MHz, CDCl3) δ 139.93, 137.95, 137.84, 134.46, 129.25 
(CHtolyl), 128.35, 128.23 (CHtolyl), 126.06, 126.02, 124.43, 124.12, 21.35. MS (EI+) for 
C14H12N2S: m/z 240 (100%). HRMS (ESI+) m/z calcd for C14H13N2S [M+H]+ 241.0794, 
found: 241.0799. 
 
The procedure was adapted from a protocol reported for the copper-catalyzed amidation of 
heteroaryl halides.38a,38c An oven-dried Schlenk tube equipped with a teflon cap and a 
magnetic stir bar was charged with 5-iodo-1-phenyl-1H-imidazole (0.5 mmol, 135 mg), CuI 
(9.5 mg, 10 mol%) and Cs2CO3 (325 mg, 1.0 mmol). The contents were flushed with N2, and 
pyrrolidinone (56 mg, 46 μL, 0.6 mmol) was injected followed by N,N´-
dimethylethylenediamine (4.4 mg, 5.4 μL, 0.05 mmol) and, finally, dioxane (anhydrous, 2.0 
mL). The mixture heated to 105 oC for 48h. Upon cooling to room temp, the mixture was 
evaporated to dryness, and then subjected to column chromatography on silica gel using a 
1:10 cyclohexane –EtOAc mixture. Yield: 140 mg, 62%. 1H NMR (500 MHz, CDCl3) δ 7.64 
(s br, 1H, Im-H), 7.49 – 7.38 (m, 3H), 7.32 – 7.27 (m, 2H), 7.09 (s br, Im-H), 3.36 – 3.32 (m, 
2H), 2.38 (t, J = 8.1 Hz, 2H), 1.97 (tt, J = 7.8, 6.9 Hz, 2H). 13C NMR (126 MHz, CDCl3) δ 
176.51 (C=O), 135.31 (C), 129.75 (CH), 128.85 (CH), 125.72 (C), 124.98 (CH), 51.12 (CH2), 
30.57 (CH2), 18.91 (CH2). MS (EI+, 70 eV) m/z = 227 (M+). 
 
                                                              
(41) Meng, X.; Yu, C.; Chen, G.; Zhao, P. Catalysis Science & Technology 2015, 5, 372-379.  
UNIVERSITAT ROVIRA I VIRGILI 
HYPERVALENT IODINE AS DIRECTING TOOL IN IODINE-RETENTIVE TRANSFORMATION OF C-H BONDS 
Yichen Wu 
 
 150 
 
This reaction was conducted using standard Schlenk line technique using anhydrous solvents 
under N2. The formation of the organomagnesium reagent was performed following a 
general approach reported by Knochel et al.39 In a Schlenk tube under nitrogen, a stirred 
solution of 5-iodo-1-phenyl-1H-imidazole (0.5 mmol, 135 mg) in dry THF (1.1 mL) was 
cooled at -25 ᵒC. Isopropylmagnesium lithium chloride iPrMgCl·LiCl (0.55 mmol, 80 mg, 
0.43 mL, 1.3 M in THF) was added dropwise, and the mixture was allowed to reach -15 ᵒC 
and kept at this temperature for 1h. Then, N,N-dimethylformamide (1.25 mmol, 91.4 mg, 
96.8 µL) was added, and the mixture allowed to reach room temperature, and then stirred at 
room temperature for 8h. The solution was concentrated to dryness and ammonium chloride 
solution (5 mL) was added. The product was extracted with EtOAc (4 x 10 mL) and the 
combined organic fraction was dried over MgSO4. Evaporation afforded the crude product, 
which was purified by flash chromatography (1:2 Cyclohexane/EtOAc, Rf = 0.20, eluted 
under N2 pressure) to give the product as a yellow solid, 61 mg, 71%. 1H NMR (500 MHz, 
CDCl3) δ 9.75 (d, J = 4.0 Hz, 1H, aldehyde), 7.93 (d, J = 6.5 Hz, 1H, imidazole), 7.78 (s br, 
1H, imidazole), 7.53-7.46 (m, 3H, Ar), 7.38 – 7.33 (m, 2H, Ar). 13C NMR (126 MHz, CDCl3) 
δ 178.40 (CH=O), 143.35 (Im), 142.28 (Im), 135.46 (C), 131.97 (C), 129.53 (CHPh), 129.41 
p-Ph), 125.84 (CHPh). HRMS (ESI+) m/z calcd for C10H9N2O [M+H]+ 173.0709, found: 
173.0712. 
 
This reaction was conducted using standard Schlenk line technique using anhydrous solvents 
under N2 following a procedure described by Kemmett et al for a related iodoazole.40b In a 
Schlenk tube under nitrogen, a stirred solution of 5-iodo-1-phenyl-1H-imidazole (0.5 mmol, 
135 mg) and 2-isopropoxy-4,4,5,5-tetramethyl- 1,3,2-dioxaborolane (0.75 mmol, 140 mg, 
153 µL) in dry THF (1.2 mL) was cooled at 5 oC. Isopropylmagnesium lithium chloride (0.5 
mmol, 73 mg, 0.39 mL, 1.3 M in THF) was added dropwise. The reaction mixture was then 
allowed to sir at 5 oC for 2.5 h. The solvent was then evaporated to dryness and 
dichloromethane (10 mL) was added. The suspension was filtered through a pad of silica; 
through this pad was then passed dichloromethane (300 mL) to ensure full extraction. The 
combined organic fraction was concentrated to dryness. The crude product was washed with 
cold diethyl ether (3 mL x 4) and dried under vacuum. Yellow solid, 134 mg, 93%. 1H NMR 
(400 MHz, CDCl3) δ 7.79 (s br, 1H, imidazole), 7.68 (s br, 1H, imidazole), 7.41 (d, J = 7.2 
Hz, 3H, Ar), 7.33 (d, J = 7.2 Hz, 2H, Ar), 1.21 (s, 12H, Me of pinacolate). 13C NMR (126 
MHz, CDCl3) δ 141.89 (d, J = 79.9 Hz, C-B), 137.83, 128.82, 128.17, 125.59, 83.79, 65.96, 
UNIVERSITAT ROVIRA I VIRGILI 
HYPERVALENT IODINE AS DIRECTING TOOL IN IODINE-RETENTIVE TRANSFORMATION OF C-H BONDS 
Yichen Wu 
 
 151 
 
24.70, 15.40. 11B NMR (128 MHz, CDCl3) δ 27.7. HRMS (ESI+) m/z calcd for C15H20BN2O2 
[M+H]+ 271.1612, found: 271.1628.  
N NN N
I
N N
LiCl·ClMgTurbo-
Grignard Ph2PCl
Ph2P
 
In a Schlenk tube under nitrogen, a solution of 5-iodo-1-phenyl-1H-imidazole (0.5 mmol, 
135 mg) was cooled at 5 oC, followed by addition of isopropylmagnesium lithium chloride 
(0.55 mmol, 0.43 mL, 1.3 M in THF). The reaction mixture was then allowed to stir at -15 
oC for 1 h and quenched with chlorodiphenylphosphine (0.6 mmol, 132.4 mg) at -15 oC. The 
mixture was continued stirring for another 7 h and the GC-MS sample was taken. The target 
product, 5-(diphenylphosphaneyl)-1-phenyl-1H-imidazole could be detected by GC-MS. 
4.5.6 X-Ray Diffraction Structural Determination Details 
Compound 2 
 Crystal data and structure refinement for mo_ASH86B_0m. 
_____________________________________________________________________ 
Identification code  mo_ASH86B_0m 
Empirical formula  C11H8F3IN2O2 
Formula weight  384.09 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a =  11.1265(11)Å   =  117.030(3)°. 
 b =  11.3042(11)Å    = 106.231(2)°. 
 c =  12.1997(12)Å    =  98.694(3)°. 
Volume 1241.0(2) Å3 
Z 4 
Density (calculated) 2.056 Mg/m3 
Absorption coefficient 2.617 mm-1 
F(000)  736 
Crystal size  0.20 x 0.12 x 0.08 mm3 
Theta range for data collection 2.016 to 37.865°. 
Index ranges -17<=h<=19,-17<=k<=8,-16<=l<=19 
Reflections collected  25157 
Independent reflections 10339[R(int) = 0.0311] 
Completeness to theta =37.865°  77.200005%  
Absorption correction  Empirical 
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Max. and min. transmission  0.818 and 0.686 
Refinement method  Full-matrix least-squares on F2 
Data / restraints / parameters 10339/ 0/ 343 
Goodness-of-fit on F2  1.058 
Final R indices [I>2sigma(I)]  R1 = 0.0299, wR2 = 0.0633 
R indices (all data)  R1 = 0.0411, wR2 = 0.0683 
Largest diff. peak and hole  1.282 and -0.859 e.Å-3 
 
Compound 3 
Crystal data and structure refinement for WYC0338_BB. 
_____________________________________________________________________ 
Identification code  WYC0338_BB 
Empirical formula  C9 H7 I N2  
Formula weight  270.07 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Orthorhombic 
Space group  Pca2(1) 
Unit cell dimensions a =  14.852(5)Å =  90°. 
 b =  7.090(2)Å  = 90°. 
 c =  16.375(5)Å  =  90°. 
Volume 1724.4(9) Å3 
Z 8 
Density (calculated) 2.080 Mg/m3 
Absorption coefficient 3.654 mm-1 
F(000)  1024 
Crystal size  0.30 x 0.20 x 0.20 mm3 
Theta range for data collection 2.488 to 36.440°. 
Index ranges -23<=h<=24,-11<=k<=11,-27<=l<=25 
Reflections collected  29497 
Independent reflections 8032[R(int) = 0.0843] 
Completeness to theta =36.440°  99.7%  
Absorption correction  Multi-scan 
Max. and min. transmission  0.529 and 0.407 
Refinement method  Full-matrix least-squares on F2 
Data / restraints / parameters  8032/ 918/ 521 
Goodness-of-fit on F2  1.085 
Final R indices [I>2sigma(I)]  R1 = 0.0834, wR2 = 0.2244 
R indices (all data)  R1 = 0.0884, wR2 = 0.2288 
Flack parameter  x =0.20(10) 
Largest diff. peak and hole   4.714 and -5.160 e.Å-3   
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Compound 4a  
 Crystal data and structure refinement for WYC0367. 
_____________________________________________________________________ 
Identification code  WYC0367 
Empirical formula  C9 H7 I N2  
Formula weight  270.07 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a =  14.047(2)Å   =  106.506(2)°. 
 b =  14.278(2)Å    = 106.658(2)°. 
 c =  14.990(2)Å    =  91.9150(10)°. 
Volume 2740.0(7) Å3 
Z 12 
Density (calculated) 1.964 Mg/m3 
Absorption coefficient 3.450 mm-1 
F(000)  1536 
Crystal size  0.20 x 0.20 x 0.20 mm3 
Theta range for data collection 2.143 to 33.182°. 
Index ranges -21<=h<=21,-21<=k<=21,-22<=l<=23 
Reflections collected  40071 
Independent reflections 20095[R(int) = 0.0341] 
Completeness to theta =33.182°  95.9%  
Absorption correction  Empirical 
Max. and min. transmission  0.545 and 0.419 
Refinement method  Full-matrix least-squares on F2 
Data / restraints / parameters  20095/ 0/ 649 
Goodness-of-fit on F2  1.076 
Final R indices [I>2sigma(I)]  R1 = 0.0297, wR2 = 0.0758 
R indices (all data)  R1 = 0.0344, wR2 = 0.0770 
Largest diff. peak and hole  3.895 and -1.473 e.Å-3 
 
Compound 6a  
 Crystal data and structure refinement for mo_WYC0334_1_2_0m 
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_____________________________________________________________________ 
Identification code  mo_WYC0334_1_2_0m 
Empirical formula  C9 H7 I N2  
Formula weight  270.07 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Orthorhombic 
Space group  Pbca 
Unit cell dimensions a =  10.4580(9)Å =  90°. 
 b =  10.3882(8)Å  = 90°. 
 c =  16.2732(13)Å  =  90°. 
Volume 1767.9(2) Å3 
Z 8 
Density (calculated) 2.029 Mg/m3 
Absorption coefficient 3.564 mm-1 
F(000)  1024 
Crystal size  0.30 x 0.30 x 0.07 mm3 
Theta range for data collection 2.503 to 32.568°. 
Index ranges -15<=h<=15,-15<=k<=8,-19<=l<=24 
Reflections collected  14184 
Independent reflections 3001[R(int) = 0.0464] 
Completeness to theta =32.568°  93.4%  
Absorption correction  Multi-scan 
Max. and min. transmission  0.788 and 0.264 
Refinement method  Full-matrix least-squares on F2 
Data / restraints / parameters  3001/ 0/ 109 
Goodness-of-fit on F2  1.061 
Final R indices [I>2sigma(I)]  R1 = 0.0340, wR2 = 0.0868 
R indices (all data)  R1 = 0.0395, wR2 = 0.0899 
Largest diff. peak and hole  1.666 and -2.974 e.Å-3 
 
 
Compound 3p  
 Crystal data and structure refinement for mo_WYC0326_0m 
_____________________________________________________________________ 
Identification code  mo_WYC0326_0m 
Empirical formula  C12 H13 I N2 O2  
Formula weight  344.14 
Temperature  100(2) K 
Wavelength  null Å 
Crystal system  Triclinic 
Space group  P-1 
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Unit cell dimensions a =  8.6891(6)Å   =  67.3339(13)°. 
 b =  11.5088(7)Å   = 75.0548(16)°. 
 c =  14.6399(9)Å   =  87.7401(16)°. 
Volume 1302.28(14) Å3 
Z 4 
Density (calculated) 1.755 Mg/m3 
Absorption coefficient 2.451 mm-1 
F(000)  672 
Crystal size  0.20 x 0.10 x 0.10 mm3 
Theta range for data collection 1.922 to 32.508°. 
Index ranges -12<=h<=9,-17<=k<=16,-22<=l<=14 
Reflections collected  16124 
Independent reflections 8062[R(int) = 0.0139] 
Completeness to theta =32.508°  85.5%  
Absorption correction  Empirical 
Max. and min. transmission  0.792 and  0.640 
Refinement method  Full-matrix least-squares on F2 
Data / restraints / parameters  8062/ 0/ 311 
Goodness-of-fit on F2  1.062 
Final R indices [I>2sigma(I)]  R1 = 0.0169, wR2 = 0.0410 
R indices (all data)  R1 = 0.0189, wR2 = 0.0431 
Largest diff. peak and hole  1.440 and -0.420 e.Å-3 
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General Conclusions 
The reactivity of organic hypervalent iodine compounds constitutes a potent and versatile 
toolbox in organic synthesis. In particular, organic λ3-iodanes have been utilized as 
terminal 2-electron oxidants, as well as group transfer agents in a wide range oxidative 
functionalization processes. With few exceptions, such transformations are accompanied by 
the liberation of the parent organoiodine fragment. A less explored, but synthetically 
attractive possibility consists in incorporating both the organic group and the iodine atom 
into the final product. Such approach presents a clear synthetic appeal, given that the iodine 
retention opens the door for downstream derivatization. This thesis describes a series of 
such “iodine-directed” coupling reaction employing organo-λ3-iodanes as substrates. 
In Chapter 2 we have developed a method for direct metal-free oxidative coupling between 
commercially available iodoarenes and two families of activated ketones: 2-cyanoketones 
and cyclic β-diketones. The new approach eliminates the need for isolation and storage of 
the reactive trifluoroacetate-based λ3-iodane, thus amplifying the scope of the iodoarene 
coupling partners. Taking advantage of an efficient and rapid (reaction calorimetry profile) 
in situ conversion of ArI to a hypervalent species, the coupling between iodoarene and 
2-cyanocyclohexanone to give 2-(2’-iodophenyl)-2-cyanocyclohexanone proceeded 
smoothly using Oxone® or mCPBA as oxidant. This protocol shows good functional group 
compatibility for iodoarenes cores, including those with an unstable hypervalent 
ArI(OCOCF3)2 form. Oxone
® was found to not only serve as oxidant, but also to favor the 
coupling through a pronounced sulfate-related acceleration. DFT calculations supported the 
proposed coupling via a [3,3] sigmatropic rearrangement, confirming a vanishingly small 
activation barriers for the so-called ¨iodonio-Claisen¨ process. 
Further exploring the limits of the iodane-directed oxidative C-H functionalization, Chapter 
3 describes the coupling between aryliodine diacetates, ArI(OAc)2 and unsaturated 
organosilanes. In particular, the use of trimethyl(benzyl)silane in the presence of a Lewis 
acid activator (BF3·Et2O, Tf2O) allowed for an unusual para-selective benzylation to give a 
family of iodinated diarylmethanes. A range of function groups was tolerated including a 
halide, an ester and azide. In the case where the para position on the iodoarene core is 
blocked, the coupling can be directed to the available meta position. Although the overall 
mechanism is not fully clear, a simple Frediel-Crafts process has been ruled out based on 
competition experiments. A diaryliodonium salt, a candidate for an interemediate, was 
shown to lead to the desired product. The Chapter also describes the ortho-coupling using 
propargyl, homo-allenyl a special class of benzothiophene-based allylsilane derivatives. 
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The last chapter describes a conceptually different approach for oxidative “iodoarylation” 
of imidazoles. The procedure is based on the discovery of a new family of diaryliodonium 
salts produced by the NH-imidazole with ArI(OAc)2, followed by the constitution of the 
synthetically challenging N-aryl-5-iodoimidazoles in the presence of copper catalyst. The 
C(5)-iodine moiety serves as placeholder for the subsequent introduction of a variety of 
substituents, acting as the handle for the synthesis of valuable 1,5-substituted imidazole 
cores. The method tolerates a variety of aryl fragments and is also applicable to substituted 
imidazoles. Experimental and DFT data suggest that the 1,5-selectivity is the result of an 
intramolecular copper-catalyzed iodine-to-nitrogen migration of the aryl fragments with a 
Zwitterionic iodonium ylide species (NMR, X-Ray) acting as the crucial intermediate. 
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